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ARTIFICIAL RECEPTORS, BUILDING BLOCKS, AND METHODS 



Cross Reference to Related Applications 

5 This application claims priority to United States Provisional Patent Application Serial 

Nos. 60/360,980 filed March 1, 2002; 60/362,600, filed March 8, 2002; 60/375,655, filed 
April 26, 2002; and 60/400,605, filed August 2, 2002. 

Introduction 

10 The present invention relates to artificial receptors, to methods and compositions for 

making them, and to methods using them. A receptor provides a binding site for and binds a 
ligand. For example, at an elementary level, receptors are often visualized having a binding 
site represented as a lock or site into which a key or ligand fits. The binding site is lined 
with, for example, hydrophobic or functional groups that provide favorable interactions with 

1 5 the ligand. 

The present invention provides compositions and methods for developing molecules 
that provide favorable interactions with a selected ligand. The present compositions and 
methods generate a wide variety of molecular structures, one or more of which interacts 
favorably with the selected ligand. Heterogeneous and immobilized combinations of 

20 building block molecules form the variety of molecular structures. For example, 

combinations of 2, 3, 4, or 5 distinct building block molecules immobilized near one another 
on a support provide molecular structures that serve as candidate and working artificial 
receptors. Figure 1 schematically illustrates an embodiment employing 4 distinct building 
blocks in a spot on a microarray to make a ligand binding site. This Figure illustrates a group 

25 of 4 building blocks at the corners of a square forming a unit cell. A group of four building 
blocks can be envisioned as the vertices on any quadrilateral. Figure 1 illustrates that spots 
or regions of building blocks can be envisioned as multiple unit cells, in this illustration 
square unit cells. Groups of unit cells of four building blocks in the shape of other 
quadrilaterals can also be formed on a support. 

30 Each immobilized building block molecule can provide one or more "arms" 

extending from a "framework" and each can include groups that interact with a ligand or 
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with portions of another immobilized building block. Figure 2 illustrates that combinations 
of four building blocks, each including a framework with two arms (called "recognition 
elements"), provides a molecular configuration of building blocks that form a site for binding 
a ligand. Such a site formed by building blocks such as those exemplified below can bind a 
5 small molecule, such as a drug, metabolite, pollutant, or the like, and/or can bind a larger 
ligand such as a macromolecule or microbe. 

Background 

The preparation of artificial receptors that bind ligands like proteins, peptides, 
10 carbohydrates, microbes, pollutants, pharmaceuticals, and the like with high sensitivity and 
specificity is an active area of research. None of the conventional approaches has been 
particularly successful; achieving only modest sensitivity and specificity mainly due to low 
binding affinity. 

Antibodies, enzymes, and natural receptors generally have binding constants in the 
15 10 8 -10 12 range, which results in both nanomolar sensitivity and targeted specificity. By 
contrast, conventional artificial receptors typically have binding constants of about 1 0 3 to 
10 5 , with the predictable result of millimolar sensitivity and limited specificity. 

Several conventional approaches are being pursued in attempts to achieve highly 
sensitive and specific artificial receptors. These approaches include, for example, affinity 
20 isolation, molecular imprinting, and rational and/or combinatorial design and synthesis of 
synthetic or semi-synthetic receptors. 

Such rational or combinatorial approaches have been limited by the relatively small 
number of receptors which are evaluated and/or by their reliance on a design strategy which 
focuses on only one building block, the homogeneous design strategy. Common 
25 combinatorial approaches form microarrays that include 10,000 or 100,000 distinct spots on a 
standard microscope slide. However, such conventional methods for combinatorial synthesis 
provide a single molecule per spot. Employing a single building block in each spot provides 
only a single possible receptor per spot. Synthesis of thousands of building blocks would be 
required to make thousands of possible receptors. 
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Further, these conventional approaches are hampered by the currently limited 
understanding of the principals which lead to efficient binding and the large number of 
possible structures for receptors, which makes such an approach problematic. 

There remains a need for methods and materials for making artificial receptors that 
5 combines the efficiency of targeted synthesis, the spatial resolution of microarrays, and the 
exponential power of combinatorial display. 

Summary 

The present invention relates to artificial receptors, arrays or microarrays of artificial 
10 receptors or candidate artificial receptors, and methods of making them. Each member of the 
array includes a plurality of building block compounds, typically immobilized in a spot on a 
support. The present invention also includes the building blocks, combinations of building 
blocks, arrays of building blocks, and receptors constructed of these building blocks together 
with a support. The present invention also includes methods of using these arrays and 
15 receptors. 

The present invention includes and employs combinations of small, selected groups 
of building blocks in a combinatorial microarray display format to provide candidate 
artificial receptors. In an embodiment, the present invention employs up to about 4 building 
blocks, to make a candidate artificial receptor. Combinations of these building blocks can be 
20 positioned on a substrate in configurations suitable for binding ligands such as proteins, 

peptides, carbohydrates, pollutants, pharmaceuticals, chemical warfare agents, microbes, and 
the like. 

The present artificial receptors can be prepared by methods including both focused 
combinatorial synthesis and targeted screening arrays. The present compositions and 
25 methods can combine the advantages of receptor focused synthesis and high throughput 
evaluation to rapidly identify and produce practical, target specific artificial receptors. 

In an embodiment, the present invention includes a method of making a 
heterogeneous building block array. This method includes forming a plurality of spots on a 
solid support, the spots including a plurality of building blocks, and coupling a plurality of 
30 building blocks to the solid support in the spots. 
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In an embodiment, the present invention includes a method of using an artificial 
receptor. This method includes contacting a heterogeneous building block array with a test 
ligand, detecting binding of a test ligand to one or more spots in the array, and selecting one 
or more of the binding spots as the artificial receptor. The artificial receptor can be a lead or 
5 working artificial receptor. The method can also include testing a plurality of building block 
arrays. 

In an embodiment, the present invention includes a composition including a support 
with a portion of the support comprising a plurality of building blocks. The building blocks 
are coupled to the support. The composition can include or be an artificial receptor, a 
10 heterogeneous building block array, or a composition including a surface and a region on the 
surface. 

In an embodiment, the present invention includes an artificial receptor including a 
plurality of building blocks coupled to"a support. 

In an embodiment, the present invention includes a heterogeneous building block 
15 array. This array includes a support and a plurality of spots on the support. The spots 
include a plurality of building blocks. The building blocks are coupled to the support. 

In an embodiment, the present invention includes a composition including a surface 
and a region on the surface. This region includes a plurality of building blocks, the building 
blocks being coupled to the support. 
20 In an embodiment, the present invention includes a composition of matter including a 

plurality of building blocks. 

In an embodiment, the building blocks include framework, linker, first recognition 
element, and second recognition element or have a formula linker-framework-(first 
recognition element)(second recognition element). The framework can be an amino acid. 
25 The building block can have the formula: 
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in which: X, Y, Z, R 2 , R3, REi, RE 2 and L are described hereinbelow. 



Brief Description of the Figures 
5 Figure 1 schematically illustrates two dimensional representations of an embodiment 

of a receptor according to the present invention that employs 4 different building blocks to 
make a ligand binding site. 

Figure 2 schematically illustrates two and three dimensional representations of an 
embodiment of a molecular configuration of 4 building blocks, each building block including 
10 a recognition element, a framework, and a linker coupled to a support 
(immobilization/anchor). 

Figure 3 A schematically illustrates representative structures of the support floor and 
building blocks according to the present invention on a surface of a support. 

Figure 3B schematically illustrates a support coupled to a signal element, a building 
1 5 block, and a modified floor element. 

Figure 4 schematically illustrates representative space filing structures of a candidate 
artificial receptor according to the present invention including both an amine floor and a four 
building block receptor. 

Figure 5 schematically illustrates a glass support including pendant amine or amide 
20 structures. 
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Figure 6 schematically illustrates identification of a lead artificial receptor from 
among candidate artificial receptors. 

Figure 7 schematically illustrates employing successive subsets of the available 
building blocks to develop a lead or working artificial receptor. 
5 Figure 8 schematically illustrates positional isomers of combinations of 4 building 

blocks (A, B, C, and D) at vertices of a quadrilateral, and such isomers on a scaffold. The 
representations of the positional isomers on a scaffold include building blocks A, B, C, and D 
and a sphere representing a ligand of interest. 

Figure 9 schematically illustrates serine as a framework for a building block and 
1 0 reactions for derivatizing the building block to add recognition elements. 

Figure 1 0 schematically illustrates configurations in which recognition element(s), 
linker(s), and a chiral element can be coupled to a serine framework. 

Figure 1 1 schematically illustrates embodiments of the present building blocks 
forming a candidate artificial receptor having a region suitable for binding a test ligand. 
1 5 Figure 1 2 schematically illustrates embodiments of the present building blocks 

forming a candidate artificial receptor with a larger molecular footprint. 

Figure 1 3 schematically illustrates embodiments of the present building blocks 
forming a candidate artificial receptor that is shown as suitable for binding a test ligand with 
a cavity. 

20 Figure 14 schematically illustrates embodiments of HRP (Formula HI), HRP 

derivatives (Formulas H2 and H3), and conjugates of test ligand and HRP (Formulas H4, H5, 
and H6) useful in the present methods. Formula H4 represents a conjugate of HRP with a 
chloroaromatic compound designated 34K. Formula H5 represents a conjugate of HRP with 
an ethylene thiourea designated ETU. ETU includes both aryl and heterocyclic moieties. 

25 Formula H5 represents a conjugate of HRP with a polycyclic chlorodioxin derivative 
designated TCDD. 

Figure 1 5 A illustrates a key for the bar charts of Figures 15B-20 and 22. This key 
identifies the bars for amino-glass, for acetylated amino-glass, for each of homogeneous 
immobilized building blocks TyrA2B2 (22), TyrA4B4 (44), and TyrA6B6 (66), and for 
30 candidate artificial receptors TyrA2B2 plus TyrA4B4 (22/44); TyrA2B2 plus TyrA6B6 
(22/66); TyrA4B4 plus TyrA6B6 (44/66); and TyrA2B2, TyrA4B4, plus TyrA6B6 
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(22/44/66). Each bar for an artificial receptor including two building blocks is illustrated as 2 
adjacent vertical stripes or segments. The bar for an artificial receptor including three 
building blocks is illustrated as 3 adjacent vertical stripes or segments. 

Figure 15B illustrates bar charts of the binding pattern comparison for native HRP, 
5 acetylated amino-HRP, and the TCDD derivative of amino-HRP. This Figure illustrates 
binding of this test ligand and these control derivatives to amino-glass, to acetylated amino- 
glass, to each of homogeneous immobilized building blocks TyrA2B2, TyrA4B4, and 
TyrA6B6, and to candidate artificial receptors TyrA2B2 plus TyrA4B4; TyrA2B2 plus 
TyrA6B6; TyrA4B4 plus TyrA6B6; and TyrA2B2, TyrA4B4, plus TyrA6B6. The 
10 abbreviation for the building block including a linker, a tyrosine framework, and recognition 
elements AxBy is TyrAxBy. 

Figure 16 illustrates bar charts showing the reproducibility of the binding pattern for 
amino-HRP to amino-glass, to acetylated amino-glass, to each of homogeneous immobilized 
building blocks TyrA2B2, TyrA4B4, and TyrA6B6, and to candidate artificial receptors 
1 5 TyrA2B2 plus TyrA4B4; TyrA2B2 plus TyrA6B6; TyrA4B4 plus TyrA6B6; and TyrA2B2, 
TyrA4B4, plus TyrA6B6. 

Figure 17 illustrates bar charts of the binding pattern comparison for native HRP 
(Formula HI), amino-HRP (Formula H2), acetylated amino-HRP (Formula H3), the 34K 
derivative of amino-HRP (Formula H4), the TCDD derivative of amino-HRP (Formula H6), 
20 and the ETU derivative of amino-HRP (Formula H5). This Figure illustrates binding of these 
test ligand conjugates and these control derivatives to amino-glass, to acetylated amino-glass, 
to each of homogeneous immobilized building blocks TyrA2B2, TyrA4B4, and TyrA6B6, 
and to candidate artificial receptors TyrA2B2 plus TyrA4B4; TyrA2B2 plus TyrA6B6; 
TyrA4B4 plus TyrA6B6; and TyrA2B2, TyrA4B4, plus TyrA6B6. 
25 Figure 18 illustrates bar charts of the binding pattern comparison for the ETU 

derivative of amino-HRP (Formula H2) using kinetic and thermodynamic protocols for 
determining binding. This Figure illustrates binding of this test ligand conjugate to amino- 
glass, to acetylated amino-glass, to each of homogeneous immobilized building blocks 
TyrA2B2, TyrA4B4, and TyrA6B6, and to candidate artificial receptors TyrA2B2 plus 
30 TyrA4B4; TyrA2B2 plus TyrA6B6; TyrA4B4 plus TyrA6B6; and TyrA2B2, TyrA4B4, plus 
TyrA6B6. 
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Figure 19 illustrates bar charts of the binding pattern comparison for the ETU 
derivative of amino-HRP (Formula H5) using protocols similar to those used in the 
experiments of Figure 18. In the present experiment, the tubes were incubated for 1, 2, 4, 10, 
and 24 hours of incubation. 

5 Figure 20 illustrates the 3 bar charts (based on data presented in Figure 16) along with 

LogP data for the test ligand. 

Figure 21 illustrates graphs of OD data for 0.1 |ig/ml HRP-test ligand conjugate 
versus LogP for the test ligand conjugate. The upper graph in Figure 21 plots the values for 
the n=l , homogeneous building blocks. The lower graph plots the values for candidate 

10 receptors. In this Figure, and throughout this application, TyrAB building blocks can be 
further abbreviated as just the number of A and B. For example, TyrA4B4 can be 
abbreviated [44]. Candidate receptors including a plurality of building blocks can be 
similarly abbreviated. For example, a candidate receptor including TyrA4B4 plus TyrA6B6 
can be abbreviated [44/66]. 

15 Figure 22 illustrates bar charts comparing data for the candidate receptors with 

combinations of 2 and 3 building blocks binding the acetylated amino HRP control and the 
three 34K, TCDD and ETU test ligand conjugates. 

Figure 23 schematically illustrates binding of acetylated amino HRP to derivatized- 
glass, to homogeneous immobilized building blocks, and to candidate receptors. The 

20 candidate receptors include 5 building blocks in combinations of 2, 3, and 4. Table 9 lists the 
order in which results appear in Figures 23 and 24 for the floor tubes, immobilized building 
blocks, candidate receptors with combinations of 2 building blocks, candidate receptors with 
combinations of 3 building blocks, and candidate receptors with combinations of 4 building 
blocks. 

25 Figure 24 schematically illustrates binding of amino-HRP-34K test ligand conjugate 

(Formula H4) to derivatized-glass, to homogeneous immobilized building blocks, and to 
candidate receptors identified in Table 9. The candidate receptors include 5 building blocks 
in combinations of 2, 3, and 4. 



Detailed Description 

Definitions 

A combination of building blocks immobilized on, for example, a support can be a 
candidate artificial receptor, a lead artificial receptor, or a working artificial receptor. That 

5 is, a heterogeneous building block spot on a slide or a plurality of building blocks coated on a 
tube or well can be a candidate artificial receptor, a lead artificial receptor, or a working 
artificial receptor. A candidate artificial receptor can become a lead artificial receptor, which 
can become a working artificial receptor. 

As used herein the phrase "candidate artificial receptor" refers to an immobilized 

10 combination of building blocks that can be tested to determine whether or not a particular test 
ligand binds to that combination. In an embodiment, the candidate artificial receptor can be a 
heterogeneous building block spot on a slide or a plurality of building blocks coated on a 
tube or well. 

As used herein the phrase "lead artificial receptor" refers to an immobilized 

1 5 combination of building blocks that binds a test ligand at a predetermined concentration of 
test ligand, for example at 10, 1, 0.1, or 0.01 ng/ml, or at 1, 0.1, or 0.01 ng/ml. In an 
embodiment, the lead artificial receptor can be a heterogeneous building block spot on a slide 
or a plurality of building blocks coated on a tube or well. 

As used herein the phrase "working artificial receptor" refers to a combination of 

20 building blocks that binds a test ligand with a selectivity and/or sensitivity effective for 

categorizing or identifying the test ligand. That is, binding to that combination of building 
blocks describes the test ligand as belonging to a category of test ligands or as being a 
particular test ligand. A working artificial receptor can, typically, bind the ligand at a 
concentration of, for example, 100, 10, 1, 0.1, 0.01, or 0.001 ng/ml. In an embodiment, the 

25 working artificial receptor can be a heterogeneous building block spot on a slide or a 

plurality of building blocks coated on a tube, well, slide, or other support or on a scaffold. 

As used herein the phrase "working artificial receptor complex" refers to a plurality 
of artificial receptors, each a combination of building blocks, that binds a test ligand with a 
pattern of selectivity and/or sensitivity effective for categorizing or identifying the test 

30 ligand. That is, binding to the several receptors of the complex describes the test ligand as 
belonging to a category of test ligands or as being a particular test ligand. The individual 
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receptors in the complex can each bind the ligand at different concentrations or with different 

affinities. Typically, the individual receptors in the complex each bind the ligand at 

concentrations of 100, 10, 1, 0.1, 0.01 or 0.001 ng/ml. In an embodiment, the working 

artificial receptor complex can be a plurality of heterogeneous building block spots or 
5 regions on a slide; a plurality of wells, each coated with a different combination of building 

blocks; or a plurality of tubes, each coated with a different combination of building blocks. 
As used herein, the term "building block" refers to a molecular component of an 

artificial receptor including portions that can be envisioned as or that include one or more 

linkers, one or more frameworks, and one or more recognition elements. In an embodiment, 
10 the building block includes a linker, a framework, and one or more recognition elements. 

The building block interacts with the ligand. 

As used herein, the term "linker" refers to a portion of or functional group on a 

building block that can be employed to or that does couple the building block to a support, 

for example, through a covalent link or electrostatic interactions. 
1 5 As used herein, the term "framework" refers to a portion of a building block 

including the linker or to which the linker is coupled and to which one or more recognition 

elements are coupled. 

As used herein, the term "recognition element" refers to a portion of a building block 

coupled to the framework but not covalently coupled to the support. Although not limiting to 
20 the present invention, the recognition element typically provides or forms one or more 

groups, surfaces, or spaces for interacting with the ligand. 

As used herein, the phrase "plurality of building blocks" refers to two or more 

building blocks of different structure in a mixture, in a kit, or on a support or scaffold. Each 

building block has a particular structure, and use of building blocks in the plural, or of a 
25 plurality of building blocks, refers to more than one of these particular structures. Building 

blocks or plurality of building blocks does not refer to a plurality of molecules each having 

the same structure. 

As used herein, the phrase "combination of building blocks" refers to a plurality of 
building blocks that together are in a spot, region, or a candidate, lead, or working artificial 
30 receptor. A combination of building blocks can be a subset of a set of building blocks. For 
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example, a combination of building blocks can be one of the possible combinations of 2, 3, 4, 
5, or 6 building blocks from a set of N (e.g., N=l 0-200) building blocks. 

As used herein, the phrases "homogenous immobilized building block" and 
"homogenous immobilized building blocks" refer to a support or spot having immobilized on 
or within it only a single building block. 

As used herein, the phrase "activated building block" refers to a building block 
activated to make it ready to form a covalent bond to a functional group, for example, on a 
support. A building block including a carboxyl group can be converted to a building block 
including an activated ester group, which is an activated building block. An activated 
building block including an activated ester group can react, for example, with an amine to 
form a covalent bond. 

As used herein, the term "immobilized" used with respect to building blocks coupled 
to a support refers to building blocks being stably oriented on the support so that they do not 
migrate on the support. Building blocks can be immobilized by covalent coupling, by ionic 
interactions, or by electrostatic interactions, such as ion pairing. 

As used herein a "region" of a support, tube, well, or surface refers to a contiguous 
portion of the support, tube, well, or surface. Building blocks coupled to a region typically 
refers to building blocks in proximity to one another in that region. 

As used herein, a "bulky" group on a molecule is larger than a moiety including 7 or 
8 carbon atoms. 

As used herein, a "small" group on a molecule is hydrogen, methyl, or another group 
smaller than a moiety including 4 carbon atoms. 

As used herein, the term "lawn" refers to a layer, spot, or region of functional groups 
on a support, typically, at a density sufficient to place coupled building blocks in proximity 
to one another. 

The term "alkyl" refers to saturated aliphatic groups, including straight-chain aikyl 
groups, branched-chain alkyl groups, cycloalkyl (alicyclic) groups, alkyl substituted 
cycloalkyl groups, and cycloalkyl substituted alkyl groups. In certain embodiments, a 
straight chain or branched chain alkyl has 30 or fewer carbon atoms in its backbone (e.g., Ci- 
C12 for straight chain, Ci-C 6 for branched chain). Likewise, cycloalkyls typically have from 
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3-10 carbon atoms in their ring structure, and preferably have 5, 6 or 7 carbons in the ring 
structure. 

The term "alkyl" as used herein refers to both "unsubstituted alkyls" and "substituted 
alkyls", the latter of which refers to alkyl moieties having substituents replacing a hydrogen 
5 on one or more carbons of the hydrocarbon backbone. Such substituents can include, for 
example, a halogen, a hydroxyl, a carbonyl (such as a carboxyl, an ester, a formyl, or a 
ketone), a thiocarbonyl (such as a thioester, a thioacetate, or a thioformate), an alkoxyl, a 
phosphoryl, a phosphonate, a phosphinate, an amino, an amido, an amidine, an imine, a 
cyano, a nitro, an azido, a sulfhydryl, an alkylthio, a sulfate, a sulfonate, a sulfamoyl, a 
10 sulfonamido, a sulfonyl, a heterocyclyl, an aryl alkyl, or an aromatic or heteroaromatic 

moiety. The moieties substituted on the hydrocarbon chain can themselves be substituted, if 
appropriate. For example, the substituents of a substituted alkyl can include substituted and 
unsubstituted forms of the groups listed above. 

The phrase "aryl alkyl", as used herein, refers to an alkyl group substituted with an 
1 5 aryl group (e.g., an aromatic or heteroaromatic group). 

The terms "alkenyl" and "alkynyl" refer to unsaturated aliphatic groups analogous in 
length and optional substitution to the alkyls groups described above, but that contain at least 
one double or triple bond respectively. 

The term "aryl" as used herein includes 5-, 6- and 7-membered single-ring aromatic 
20 groups that may include from zero to four heteroatoms, for example, benzene, pyrrole, furan, 
thiophene, imidazole, oxazole, thiazole, triazole, pyrazole, pyridine, pyrazine, pyridazine and 
pyrimidine, and the like. Those aryl groups having heteroatoms in the ring structure may 
also be referred to as "aryl heterocycles" or "heteroaromatics". The aromatic ring can be 
substituted at one or more ring positions with such substituents such as those described above 
25 for alkyl groups. The term "aryl" also includes polycyclic ring systems having two or more 
cyclic rings in which two or more carbons are common to two adjoining rings (the rings are 
"fused rings") wherein at least one of the rings is aromatic, e.g., the other cyclic ring(s) can 
be cycloalkyls, cycloalkenyls, cycloalkynyls, aryls and/or heterocyclyls. 

The terms "heterocyclyl" or "heterocyclic group" refer to 3- to 12-membered ring 
30 structures, more preferably 3- to 7-membered rings, whose ring structures include one to four 
heteroatoms. Heterocyclyl groups include, for example, thiophene, thianthrene, furan, pyran, 
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isobenzofuran, chromene, xanthene, phenoxathiin, pyrrole, imidazole, pyrazole, isothiazole, 
isoxazole, pyridine, pyrazine, pyrimidine, pyridazine, indolizine, isoindole, indole, indazole, 
purine, quinolizine, isoquinoline, quinoline, phthalazine, naphthyridine, quinoxaline, 
quinazoline, cinnoline, pteridine, carbazole, carboline, phenanthridine, acridine, pyrimidine, 
phenanthroline, phenazine, phenarsazine, phenothiazine, furazan, phenoxazine, pyrrolidine, 
oxolane, thiolane, oxazole, piperidine, piperazine, morpholine, lactones, lactams such as 
azetidinones and pyrrolidinones, sultams, sultones, and the like. The heterocyclic ring can be 
substituted at one or more positions with such substituents such as those described for alkyl 
groups. 

The term "heteroatom" as used herein means an atom of any element other than 
carbon or hydrogen, such as nitrogen, oxygen, sulfur and phosphorous. 

Methods of Making and Using an Artificial Receptor 
Making the Artificial Receptors 

The present invention relates to a method of making an artificial receptor or a 
candidate artificial receptor. In an embodiment, this method includes preparing a spot or 
region on a support, the spot or region including a plurality of building blocks immobilized 
on the support. The method can include forming a plurality of spots on a solid support, each 
spot including a plurality of building blocks, and coupling a plurality of building blocks to 
the solid support in each spot. In an embodiment, an array of such spots is referred to as a 
heterogeneous building block array. 

The building blocks can be activated to react with a functional group on the support. 
Coupling can occur spontaneously after forming the spot of the building block or activated 
building block. The method can include mixing a plurality of activated building blocks and 
employing the mixture in forming the spot(s). Alternatively, the method can include spotting 
individual activated building blocks on the support. 

Forming a spot on a support can be accomplished by methods and apparatus such as 
pin spotters (sometimes referred to as printers), which can, for example, spot 10,000 to more 
than 100,000 spots on a microscope slide. Other spotters include piezoelectric spotters 
(similar to ink jets) and electromagnetic spotters that can also spot, for example, 10,000 to 
more than 100,000 spots on a microscope slide. Conventional mixing valves or manifolds 
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can be employed to mix the activated building blocks before spotting. These valves or 
manifolds can be under control of conventional microprocessor based controllers for 
selecting building blocks and amounts of reagents. 

Such spotting yields a microarray of spots of heterogeneous combinations of building 
5 blocks, each of which can be a candidate artificial receptor. Each spot in a microarray 

includes a statistically significant number of each building block. For example, although not 
limiting to the present invention, it is believed that each micro spot of a size sufficiently 
small that 100,000 fit on a microscope slide can include approximately 320 million clusters 
of 4 building blocks. 

10 In an embodiment, the present method includes making a receptor surface. Making a 

receptor surface can include forming a region on a solid support, the region including a 
plurality of building blocks, and coupling the plurality of building blocks to the solid support 
in the region. The method can include mixing a plurality of activated building blocks and 
employing the mixture in forming the region or regions. Alternatively, the method can 

15 include applying individual activated building blocks in a region on the support. Forming a 
region on a support can be accomplished, for example, by soaking a portion of the support 
with the building block solution. 

In an embodiment, a tube or well coated with a support matrix can be filled with 
activated building block (e.g., a solution containing activated building block), which couples 

20 to the support matrix. For example, the support can be a glass tube or well coated with a 
plurality of building blocks. The surface of the glass tube or well can be coated with a 
coating to which the plurality of building blocks become covalently bound. The resulting 
coating including building blocks can be referred to as including heterogeneous building 
blocks. 

25 Preferably, the method produces a surface or coating with a density of building blocks 

sufficient to provide interactions of more than one building block with a ligand. That is, the 
building blocks can be in proximity to one another. Proximity of different building blocks 
can be detected by determining different (preferably greater) binding of a test ligand to a 
surface including a plurality of building blocks compared to a surface or surfaces including 

30 only one of the building blocks. 
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The method can apply or spot building blocks onto a support in combinations of 2, 3, 
4, or more building blocks. For an embodiment employing a bulky tube or well, a 
manageable set of building blocks preferably provides fewer than several hundred or several 
thousand combinations of building blocks. For example, in this context, a set of 4, 5, or 6 
5 building blocks provides a manageable number of combinations of 2, 3, or 4 building blocks. 
In an embodiment, the method can be employed to produce a plurality of tubes each tube 
having immobilized on its surface a heterogeneous combination of building blocks. 

In an embodiment, the present method can be employed to produce a solid support 
having on its surface a plurality of regions or spots, each region or spot including a plurality 
10 of building blocks. For example, the method can include spotting a glass slide with a 
plurality of spots, each spot including a plurality of building blocks. Such a spot can be 
referred to as including heterogeneous building blocks. 

Each spot can include a density of building blocks sufficient to provide interactions of 
more than one building block with a ligand. Such interactions can be determined as 
15 described above for regions. The method typically includes spotting the building blocks so 
that each spot is separated from the others. A plurality of spots of building blocks is referred 
to herein as an array of spots. 

In an embodiment, the method spots building blocks in combinations of 2, 3, 4, or 
more. The method can form up to 100,000 or more spots on a glass slide. Therefore, in this 
20 embodiment of the method, a manageable set of building blocks can provide several million 
combinations of building blocks. For example, in this context, a set of 8 1 building blocks 
provides a manageable number of (1.66 million) combinations of 4 building blocks. For 
convenience in limiting the number of slides employed in the method, in this embodiment a 
set includes up to 200 building blocks, preferably 50-100, preferably about 80 (e.g., 81) 
25 building blocks. 

In an embodiment, the method includes forming an array of heterogeneous spots 
made from combinations of a subset of the total building blocks and/or smaller groups of the 
building blocks in each spot. That is, the method forms spots including only, for example, 2 
or 3 building blocks, rather than 4 or 5. For example, the method can form spots from 
30 combinations of a full set of building blocks (e.g. 81 of a set of 81) in groups of 2 and/or 3. 
For example, the method can form spots from combinations of a subset of the building blocks 
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(e.g., 25 of the set of 81) in groups of 4 or 5. For example, the method can form spots from 
combinations of a subset of the building blocks (e.g., 25 of the set of 81) in groups of 2 or 3. 
The method can include forming additional arrays incorporating building blocks, lead 
artificial receptors, or structurally similar building blocks. 

In an embodiment, the method includes forming an array including one or more spots 
that function as controls for validating or evaluating binding to artificial receptors of the 
present invention. In an embodiment, the method includes forming one or more regions, 
tubes, or wells that function as controls for validating or evaluating binding to artificial 
receptors of the present invention. Such a control spot, region, tube, or well can include no 
building block, only a single building block, only functionalized lawn, or combinations 
thereof. 

The method can couple building blocks to supports using known methods for 
activating compounds of the types employed as building blocks and for coupling them to 
supports. Covalent coupling can produce artificial receptors sufficiently durable to be used 
repeatedly over a period of months. The method can employ building blocks including 
activated esters and couple them to supports including amine functional groups. The method 
can include activating a carboxyl group on a building block by derivatizing to form the 
activated ester. By way of further example, the method can couple building blocks including 
amine functional groups to supports including carboxyl groups. Pairs of functional groups 
that can be employed on building blocks and supports according to the method include 
nucleophile/electrophile pairs, such as amine and carboxyl (or activated carboxyl), thiol and 
maleimide, alcohol and carboxyl (or activated carboxyl), mixtures thereof, and the like. 

The support can include any functional group suitable for forming a covalent bond 
with a building block. The support or the building block can include a functional group such 
as alcohol, phenol, thiol, amine, carbonyl, or like group. The support or the building block 
can include a carboxyl, alcohol, phenol, thiol, amine, carbonyl, maleimide, or like group that 
can react with or be activated to react with the support or the building block. The support 

can include one or more of these groups. A plurality of building blocks can include a 

< 

plurality of these groups. 

The support or the building block can include a good leaving group bonded to, for 
example, an alkyl or aryl group. The leaving group being "good" enough to be displaced by 
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the alcohol, phenol, thiol, amine, carbonyl, or like group on the support or the building block. 
Such a support or the building block can include a moiety represented by the formula: R-X, 
in which X is a leaving group such as halogen (e.g., -CI, -Br, or -I), tosylate, mesylate, 
triflate, and R is alkyl, substituted alkyl, cycloalkyl, heterocyclic, substituted heterocyclic, 

5 aryl alkyl, aryl, heteroaryl, or heteroaryl alkyl. The support can include one or more of these 
groups. A plurality of building blocks can include a plurality of these groups. 

The method can employ any of the variety of known supports employed in 
combinatorial or synthetic chemistry (e.g., a microscope slide, a bead, a resin, a gel, or the 
like). Suitable supports include fiinctionalized glass, such as a fiinctionalized slide or tube, 

10 glass microscope slide, glass plate, glass coverslip, glass beads, microporous glass beads, 
microporous polymer beads (e.g. those sold under the tradename Stratospheres™), silica gel 
supports, and the like. 

The support typically includes a support matrix of a compound or mixture of 
compounds having functional groups suitable for coupling to a building block. The support 

15 matrix can be, for example, a coating on a microscope slide or functionalizing groups on a 
bead, gel, or resin. Known support matrices are commercially available and/or include 
linkers with functional groups that are coupled beads, gels, or resins. The support matrix 
functional groups can be pendant from the support in groups of one (e.g., as a lawn of 
amines, a lawn of another functional group, or a lawn of a mixture of functional groups) or in 

20 groups of, for example, 2, 3, 4, 5, 6, or 7. The groups of a plurality of functional groups 

pendant' from the support can be visualized as or can be scaffold molecules pendant from the 
support. 

The surface of the support can be visualized as including a floor and the building 
blocks (Figures 3 A, 3B, and 4). As illustrated in Figure 3 A, addition of building blocks to an 

25 amine lawn can proceed through reaction of the amines to form building block amides with 
some of the amines remaining on the floor of the support or candidate artificial receptor. 
Thus, the floor can be considered a feature of the candidate artificial receptor. The floor or 
modified floor can interact with the ligand as part of the artificial receptor. The nucleophilic 
or electrophilic groups on the floor can be left unreacted in the artificial receptor, or they can 

30 be modified. The floor can be modified with a small group that alters the recognition 
properties of the floor (Figure 3B). The floor can be modified with a signal element that 
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produces a detectable signal when a test ligand is bound to the receptor (Figure 3B). For 
example, the signal element can be a fluorescent molecule that is quenched by binding to the 
artificial receptor. For example, the signal element can be a molecule that fluoresces only 
when binding occurs. The floor can be modified with a plurality of floor modifiers. For 
5 example, the floor can be modified with both a signal element and a small group that alters 
the recognition properties of the floor. 

In an embodiment, the candidate artificial receptor can include building blocks and 
unmodified amines of the floor. Such a candidate artificial receptor has an amine/ammonium 
floor. In an embodiment, the candidate artificial receptor can include building blocks and 

10 modified amines of the floor. For example, the floor amines can be modified by the simplest 
amide modification of the amines to form the acetamide (e.g., by reacting with acetic 
anhydride or acetyl chloride). Alternatively, the floor amines can be modified by reaction 
with succinic anhydride, benzoyl chloride, and the like. 

A lawn or other coating of functional groups can be derivatized with a maximum 

15 density of building blocks by exposing the lawn to several equivalents of activated building 
blocks. Typically, 10 or more equivalents is sufficient for an adequate density of building 
blocks on the support to observe building-block-dependent binding of a ligand. An amine 
modified glass surface can be functionalized with building blocks, for example, by reaction 
with activated carboxyl derivatives to form an amide link to the lawn. 

20 For example, a building block linker carboxyl group can be activated by reacting the 

building block with carbodiimide in the presence of sulfo N-hydroxysuccinimide in aqueous 
dimethylformamide. The activated building block can be reacted directly with an amine on a 
glass support (hereinafter amino glass). Figure 3 A illustrates that derivatization of only a 
portion of the amine groups on the support can be effective for producing candidate artificial 

25 receptors. Although not limiting to the present invention, it is believed that the amine load 
on the glass is in excess of that required for candidate artificial receptor preparation. 
Preparations of surfaces including combinations of building blocks can be accomplished by, 
for example, premixing of activated building blocks prior to addition to the amino tube or the 
sequential mixing of the coupling solutions in the tubes. 

30 A commercially available glass support can be prepared for coupling building blocks 

by adding a support matrix to the surface of the support. The support matrix provides 
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functional groups for coupling to the building block. Suitable support matrices include 
silanating agents. For example a glass tube (e.g., a 12x75 mm borosilicate glass tube from 
VWR) can be coated to form a lawn of amines by reaction of the glass with a silanating agent 
such as 3-aminopropyltriethoxysilane. Building blocks including an activated ester can be 
bound to this coating by reaction of the building block activated ester with the amine glass to 
form the amide bound building block. Starting with a commercially available slide, an amino 
flinctionalized slide from Corning, building blocks including an activated ester can be spotted 
on and covalently bound to the slide in a micro array by this same reaction. Such 
derivatization is illustrated in Figure 5. 

Using the Artificial Receptors 

The present invention includes a method of using artificial receptors. The present 
invention includes a method of screening candidate artificial receptors to find lead artificial 
receptors that bind a particular test ligand. Detecting test ligand bound to a candidate 
artificial receptor can be accomplished using known methods for detecting binding to arrays 
on a slide or to coated tubes or wells. Typically, the method employs test ligand labeled with 
a detectable label, such as a fluorophore or an enzyme that produces a detectable product. 
Alternatively, the method can employ an antibody (or other binding agent) specific for the 
test ligand and including a detectable label. One or more of the spots that are labeled by the 
test ligand or that are more or most intensely labeled with the test ligand are selected as lead 
artificial receptors. The degree of labeling can be evaluated by evaluating the signal strength 
from the label. Typically, the amount of signal is directly proportional to the amount of label 
and binding. The test ligand can be a pure compound, a mixture, or a "dirty" mixture 
containing a natural product or pollutant. Such dirty mixtures can be tissue homogenate, 
biological fluid, soil sample, water sample, or the like. Figure 6 provides a schematic 
illustration of an embodiment of this process. 

According to the present method, screening candidate artificial receptors against a test 
ligand can yield one or more lead artificial receptors. One or more lead artificial receptors 
can be a working artificial receptor. That is, the one or more lead artificial receptors can be 
useful for detecting the ligand of interest as is. The method can then employ the one or more 
artificial receptors as a working artificial receptor for monitoring or detecting the test ligand. 
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Alternatively, the one or more lead artificial receptors can be employed in the method for 
developing a working artificial receptor. For example, the one or more lead artificial 
receptors can provide structural or other information useful for designing or screening for an 
improved lead artificial receptor or a working artificial receptor. Such designing or screening 
can include making and testing additional candidate artificial receptors including 
combinations of a subset of building blocks, a different set of building blocks, or a different 
number of building blocks. 

In certain embodiments, the method of the present invention can employ a smaller 
number of spots formed by combinations of a subset of the total building blocks and/or 
smaller groups of the building blocks. For example, the present method can employ an array 
including the number of spots formed by combinations of 81 building blocks in groups of 2 
and/or 3. Then a smaller number of building blocks indicated by test compound binding, for 
example 36 building blocks, can be tested in a microarray with spots including larger groups, 
for example 4, of the building blocks. Each set of microarrays can employ a different 
support matrix, lawn, or functionalized lawn. Such methods are schematically illustrated in 
Figure 7. 

For example, Figure 7 illustrates that a single slide with the 3,240 combinations of 2 
building blocks that can be produced from a set of 81 building blocks can be used to define a 
subset of the building blocks. This subset of, e.g., 25, building blocks (which can be derived 
from a 5x5 matrix of the results employing combinations of 2 building blocks), can be used 
to produce an additional 2,300 combinations of 3 building blocks and/or 12,650 
combinations of 4 building blocks. These combinations from the subset can be screened to 
define the optimum receptor configuration. The method can also include using combinations 
of building blocks in different ratios in spots. 

On a macro scale, an artificial receptor presented spot or region including a plurality 
of building blocks has the plurality of building blocks distributed randomly throughout the 
spot or region. On a molecular scale, the distribution may not be random and even. For 
example, any selected group of only 2-10 building blocks may include a greater number of a 
particular building block or a particular arrangement of building blocks with respect to one 
another. A spot or region with a random distribution makes a useful artificial receptor 
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according to the present invention. Particular assortments of building blocks found in a 
random distribution can also make useful artificial receptors. 

An artificial receptor can include a particular assortment of a combination of 2, 3, 4, 
or more building blocks. Such an assortment can be visualized as occupying positions on the 
surface of a support. A combination of 2, 3 5 4, or more building blocks can have each of the 
different building blocks in distinct positions relative to one another. For example, building 
block 1 can be adjacent to any of building blocks 2, 3, or 4. This can be illustrated by 
considering the building blocks at the vertices of a polygon. For example, Figure 8 illustrates 
positional isomers of 4 different building blocks at the vertices of a quadrilateral. 

In an embodiment of the method, a candidate artificial receptor can be optimized to a 
preferred lead or working artificial receptor by making one or more of the positional isomers 
and determining its ability to bind the test ligand of interest. Advantageously, the positional 
isomers can be made on a scaffold (Figure 8). Scaffold positional isomer artificial receptors 
can be made, for example, on a scaffold with multiple functional groups that can be protected 
and deprotected by orthogonal chemistries. The scaffold positional isomer lead artificial 
receptors can be evaluated by any of a variety of methods suitable for evaluating binding of 
ligands to scaffold receptors. For example, the scaffold lead artificial receptors can be 
chromatographed against immobilized test ligand. 

In an embodiment, the method of using an artificial receptor includes contacting a 
first heterogeneous molecular array with a test ligand. The array can include a support and a 
plurality of spots of building blocks attached to the support. In the array, each spot of 
building blocks can include a plurality of building blocks with each building block being 
coupled to the support. The method includes detecting binding of a test ligand to one or 
more spots; and selecting one or more of the binding spots as the artificial receptor. 

In this embodiment, the building blocks in the array can define a first set of building 
blocks, and the plurality of building blocks in each binding spot defines one or more selected 
binding combinations of building blocks. The first set of building blocks can include or be a 
subset of a larger set of building blocks. In an embodiment, the spots of building blocks can 
include 2, 3, or 4 building blocks. The first set can be immobilized using a first support 
matrix, a first lawn, or a first fiinctionalized lawn. 
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In the method, the artificial receptor can include or be one or more lead artificial 
receptors. In the method, the artificial receptors can include or be one or more working 
artificial receptors. 

This embodiment of the method can also include determining the combinations of 
5 building blocks in the one or more binding spots. These combinations can be used as the 
basis for developing one or more developed combinations of building blocks distinct from 
those in the one or more selected combinations of building blocks. This embodiment 
continues with contacting the test ligand with a second heterogeneous molecular array 
comprising a plurality of spots, each spot comprising a developed combination of building 
10 blocks; detecting binding of a test ligand to one or more spots of the second heterogeneous 
molecular array; and selecting one or more of the spots of the second heterogeneous 
molecular array as the artificial receptor. The second set can be immobilized using a second 
support matrix, a second lawn, or a second functionalized lawn different from those used 
with the first set. 

15 In this embodiment, the building blocks in the second heterogeneous molecular array 

define a second set of building blocks. The first set of building blocks can include or be a 
subset of a larger set of building blocks and/or the second subset of building blocks can 
include or define a subset of the larger set of building blocks. Advantageously, the first 
subset is not equivalent to the second subset. In an embodiment, the spots of the second 

20 heterogeneous molecular array can include 3, 4, or 5 building blocks, and/or the spots of the 
second heterogeneous molecular array can include more building blocks than the binding 
spots. 

The artificial receptor can include or be a lead artificial receptor. The artificial 
receptor can include or be one or more working artificial receptors. The method can also 
25 include varying the structure of the lead artificial receptor to increase binding speed or 
binding affinity of the test ligand. 

In an embodiment, the method includes identifying the plurality of building blocks 
making up the artificial receptor. The identified plurality of building blocks can then be 
coupled to a scaffold molecule to make a scaffold artificial receptor. This scaffold artificial 
30 receptor can be evaluated for binding of the test ligand. In an embodiment, coupling the 
identified plurality of building blocks to the scaffold can include making a plurality of 
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positional isomers of the building blocks on the scaffold. Evaluating the scaffold artificial 
receptor can then include comparing the plurality of the scaffold positional isomer artificial 
receptors. In this embodiment, one or more of the scaffold positional isomer artificial 
receptors can be selected as one or more lead or working artificial receptors. 

In an embodiment, the method includes screening a test ligand against an array 
including one or more spots that function as controls for validating or evaluating binding to 
artificial receptors of the present invention. In an embodiment, the method includes 
screening a test ligand against one or more regions, tubes, or wells that function as controls 
for validating or evaluating binding to artificial receptors of the present invention. Such a 
control spot, region, tube, or well can include no building block, only a single building block, 
only functionalized lawn, or combinations thereof. 

Embodiments of Artificial Receptors 

A candidate artificial receptor, a lead artificial receptor, or a working artificial 
receptor includes combination of building blocks immobilized on, for example, a support. 
An individual artificial receptor can be a heterogeneous building block spot on a slide or a 
plurality of building blocks coated on a tube or well. 

An array of candidate artificial receptors can be a commercial product sold to parties 
interested in using the candidate artificial receptors as implements in developing receptors for 
test ligands of interest. In an embodiment, a useful array of candidate artificial receptors 
includes a plurality of glass slides, the glass slides including spots of all combinations of 
members of a set of building blocks, each combination including a predetermined number of 
building blocks. In an embodiment, a useful group of candidate artificial receptors includes a 
plurality of tubes or wells, each with a coating of a plurality of immobilized building blocks. 

One or more lead artificial receptors can be developed from a plurality of candidate 
artificial receptors. In an embodiment, a lead artificial receptor includes a combination of 
building blocks and binds detectable quantities of test ligand upon exposure to, for example, 
several picomoles of test ligand at a concentration of 1, 0.1, or 0.01 ng/ml, or at 1, 0.1, or 
0.01 ng/ml test ligand; at a concentration of 0.01 jig/ml, or at 1, 0.1, or 0.01 ng/ml test ligand; 
or a concentration of 1, 0.1, or 0.01 ng/ml test ligand. 
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Artificial receptors, particularly candidate or lead artificial receptors, can be in the 
form of an array of artificial receptors. Such an array can include, for example, 1.66 million 
spots, each spot including one combination of 4 building blocks from a set of 81 building 
blocks. Each spot is a candidate artificial receptor and a combination of building blocks. 
5 The array can also be constructed to include lead artificial receptors. For example, the array 
of artificial receptors can include combinations of fewer building blocks and/or a subset of 
the building blocks. 

In an embodiment, an array of candidate artificial receptors includes building blocks 
of general Formula 2 (shown hereinbelow), with REi being Bl, B2, B3, B4, B5, B6, B7, B8, 

10 or B9 (shown hereinbelow) and with RE 2 being Al, A2, A3, A4, A5, A6, A7, A8, or A9 
(shown hereinbelow). Preferably the framework is tyrosine. 

One or more working artificial receptors can be developed from one or more lead 
artificial receptors. In an embodiment, a working artificial receptor includes a combination 
of building blocks and binds categorizing or identifying quantities of test ligand upon 

15 exposure to, for example, several picomoles of test ligand at a concentration of 100, 10, 1, 
0.1, 0.01, or 0.001 ng/ml test ligand; at a concentration of 10, 1, 0.1, 0.01, or 0.001 ng/ml test 
ligand; or a concentration of 1, 0.1, 0.01, or 0.001 ng/ml test ligand. 

In an embodiment, the artificial receptor of the invention includes a plurality of 
building blocks coupled to a support. In an embodiment, the plurality of building blocks can 

20 include or be building blocks of Formula 2 (shown below). In an embodiment, the plurality 
of building blocks can include or be building blocks of formula TyrA2B2 and/or TyrA4B4 
(shown below; the abbreviation for the building block including a linker, a tyrosine 
framework, and recognition elements AxBy is TyrAxBy). In an embodiment, the plurality of 
building blocks can include or be building blocks of formula TyrA4B2 and/or TyrA4B4 

25 (shown below). In an embodiment, the plurality of building blocks can include or be 

building blocks of formula TyrA2B2, TyrA4B2, TyrA4B4, and/or TyrA6B6 (shown below). 

In an embodiment, a candidate artificial receptor can include combinations of 
building blocks of formula TyrA2B2, TyrA4B4, or TyrA6B6. In an embodiment, a 
candidate artificial receptor can include combinations of building blocks of formula 

30 TyrA2B2, TyrA4B4, TyrA6B6, TyrA4B2, or TyrA4B6. In an embodiment, a candidate 
artificial receptor can include combinations of building blocks of formula TyrA2B2, 



24 



TyrA2B4, TyrA4B2, TyrA4B4, TyrA4B6, TyrA6B4, TyrA6B6, TyrA6B8, TyrA8B6, or 
TyrA8B8. 



Working Receptor Systems 

In an embodiment, a working artificial receptor or working artificial receptor complex 
can be incorporated into a system or device for detecting a ligand of interest. Binding of a 
ligand of interest to a working artificial receptor or complex can produce a detectable signal, 
for example, through mechanisms and properties such as scattering, absorbing or emitting 
light, producing or quenching fluorescence or luminescence, producing or quenching an 
electrical signal, and the like. Spectroscopic detection methods include use of labels or 
enzymes to produce light for detection by optical sensors or optical sensor arrays. The light 
can be ultraviolet, visible, or infrared light, which can be produced and/or detected through 
fluorescence, fluorescence polarization, chemiluminescence, bioluminescence, or 
chemibioluminescence. Systems and methods for detecting electrical conduction, and 
changes in electrical conduction, include ellipsometry, surface plasmon resonance, 
capacitance, conductometry, surface acoustic wave, quartz crystal microbalance, love-wave, 
infrared evanescent wave, enzyme labels with electrochemical detection, nanowire field 
effect transistors, MOSFETS - metal oxide semiconductor field effect transistors, 
CHEMFETS - organic membrane metal oxide semiconductor field effect transistors, ICP - 
intrinsically conducting polymers, FRET - fluorescence resonance energy transfer. 

Apparatus that can detect such binding to or signal from a working artificial receptor 
or complex includes UV, visible or Infrared spectrometer, fluorescence or luminescence 
spectrometer, surface plasmon resonance, surface acoustic wave or quartz crystal 
microbalance detectors, pH, voltammetry or amperometry meters, radioisotope detector, or 
the like. 

In such an apparatus, a working artificial receptor or complex can be positioned on a 
light fiber to provide a detectable signal, such as an increase or decrease in transmitted light, 
reflected light, fluorescence, luminescence, or the like. The detectable signal can originate 
from, for example, a signaling moiety incorporated into the working artificial receptor or 
complex or a signaling moiety added to the working artificial receptor. The signal can also 
be intrinsic to the working artificial receptor or to the ligand of interest. The signal can come 
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from, for example, the interaction of the ligand of interest with the working artificial 
receptor, the interaction of the ligand of interest with a signaling moiety which has been 
incorporated into the working artificial receptor, into the light fiber, onto the light fiber. 

In an embodiment of the system, more than one working artificial receptor, arranged 
as regions or spots in an array, is on the surface of a support, such as a glass plate. The 
ligand or ligands of interest or a sample suspected of containing the ligand or ligands of 
interest (e.g., a sample containing a mixture of DNA segments or fragments, proteins or 
protein fragments, carbohydrates or carbohydrate fragments, or the like) is brought into 
contact with the working artificial receptors or array. Contact can be achieved by addition of 
a solution of the ligand or ligands of interest or a sample suspected of containing the ligand 
or ligands of interest. A detectable fluorescence signal can be produced by a signaling 
moiety incorporated into the working artificial receptor array or a signaling moiety which is 
added to the ligand or ligands of interest or the sample suspected of containing the ligand or 
ligands of interest. The fluorescent moieties produce a signal for each working artificial 
receptor in the array, which produces a pattern of signal response which is characteristic of 
the composition of the sample of interest. 

In an embodiment of the system, more than one working artificial receptor, arranged 
as regions or spots in an array, is on a support, such as a glass or plastic surface. The surface 
can be incorporated onto the signaling surfaces of one or more surface plasmon resonance 
detectors. The ligands of interest or a sample suspected of containing the ligands of interest 
(e.g., a sample containing a mixture of DNA segments or fragments, proteins or protein 
fragments, carbohydrates or carbohydrate fragments, or the like) is brought into contact with 
the working artificial receptors or array. Contacting can be accomplished by addition of a 
solution of the ligands of interest or a sample suspected of containing the ligands of interest. 
Detectable electrical signals can be produced by binding of the ligands of interest to the 
working artificial receptors array on the surface of the surface plasmon resonance detectors. 
Such detectors produce a signal for each working artificial receptor in the array, which 
produces a pattern of signal response, which is characteristic of the composition of the 
sample of interest. 

In an embodiment of the system, the working artificial receptor is on a support such 
as the inner surface of a test tube, microwell, capillary, microchannel, or the like. The ligand 
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of interest or a sample suspected of containing the ligand of interest is brought into contact 
with the working artificial receptor or complex by addition of a solution containing the ligand 
of interest or a sample suspected of containing the ligand of interest. A detectable 
colorimetric, fluorometric, radiometric, or the like, signal is produced by a colorimetric, 
enzyme, fluorophore, radioisotope, metal ion, or the like, labeled compound or conjugate of 
the ligand of interest. This labeled moiety can be reacted with the working artificial receptor 
or complex in competition with the solution containing the ligand of interest or the sample 
suspected of containing the ligand of interest. 

In an embodiment of the system, the working artificial receptor is on a support such 
as the surface of a surface acoustic wave or quartz crystal microbalance or surface plasmon 
resonance detector. The ligand of interest or a sample suspected of containing the ligand of 
interest can be brought into contact with the working artificial receptor or complex by 
exposure to a stream of air, to an aerosol, or to a solution containing the ligand of interest or 
a sample suspected of containing the ligand of interest. A detectable electrical signal can be 
produced by the interaction of the ligand of interest with the working artificial receptor or 
complex on the active surface of the surface acoustic wave or quartz crystal microbalance or 
surface plasmon resonance detector. 

In an embodiment of the system, the more than one working artificial receptor, 
arranged as a series of discrete areas or spots or zones or the like, is on the surface of a light 
fiber. The ligand of interest or a sample suspected of containing the ligand of interest can be 
brought into contact with the working artificial receptor or complex by exposure to a stream 
of air, to an aerosol, or to a solution containing the ligand of interest or a sample suspected of 
containing the ligand of interest. A detectable colorimetric, fluorometric, or like signal can 
be produced by a label incorporated into the light fiber surface. The colorimetric or 
fluorogenic signal can be intrinsic to the ligand, or can be an inherent colorimetric or 
fluorogenic signal produced on binding of the ligand to the working artificial receptors. 

An embodiment of the system, combines the artificial receptors with nanotechnology 
derived nanodevices to give the devices the ability to bind ("see"), bind and incorporate 
("eat"), or modify ("use in manufacture") the target material. In an embodiment of the 
system, the working artificial receptor is incorporated into or on a nanodevice. The ligand of 
interest or a sample suspected of containing the ligand of interest can be brought into contact 
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with the working artificial receptor nanodevice by addition of the nanodevice to an air or 
water or soil or biological fluid or cell or biological tissue or biological organism or the like. 
A detectable signal can be produced by a suitable sensor on the nanodevice and a desired 
action like a radio signal or chemical reaction or mechanical movement or the like is 
5 produced by the nanodevice in response to the ligand of interest. 

The present artificial receptors can be part of products used in: analyzing a genome 
and/or proteome; pharmaceutical development; detectors for any of the test ligands; drug of 
abuse diagnostics or therapy; hazardous waste analysis or remediation; chemical warfare 
alert or intervention; disease diagnostics or therapy; cancer diagnostics or therapy; 
10 biowarfare alert or intervention; food chain contamination analysis or remediation; and the 
like. 

More specifically, the present artificial receptors can be used in products for 
identification of sequence specific small molecule leads; protein isolation and identification; 
identification of protein to protein interactions; detecting contaminants in food or food 
1 5 products; clinical analysis of food contaminants; clinical analysis of prostate specific antigen; 
clinical and field or clinical analysis of cocaine; clinical and field or clinical analysis of other 
drugs of abuse; other clinical analysis systems, home test systems, or field analysis systems; 
monitors or alert systems for bioterrorism or chemical warfare agents; and the like. 

20 Test Ligands 

The test ligand can be any ligand for which binding to an array or surface can be 
detected. Test ligands include prostate specific antigen, other cancer markers, insulin, 
warfarin, other anti-coagulants, cocaine, other drugs-of-abuse, markers for E. coli, markers 
for Salmonella sp., markers for other food-borne toxins, food-borne toxins, markers for 
25 Smallpox virus, markers for anthrax, markers for other possible bioterrorism agents, 
pharmaceuticals and medicines, pollutants and chemicals in hazardous waste, chemical 
warfare agents, markers of disease, pharmaceuticals, pollutants, biologically important 
cations (e.g., potassium or calcium ion), peptides, carbohydrates, enzymes, bacteria, viruses, 
and the like. 

30 
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Building Blocks 

The present invention relates to building blocks for making or forming candidate 
artificial receptors. Building blocks are designed, made, and selected to provide a variety of 
structural characteristics among a small number of compounds. A building block can 
provide one or more structural characteristics such as positive charge, negative charge, acid, 
base, electron acceptor, electron donor, hydrogen bond donor, hydrogen bond acceptor, free 
electron pair, n electrons, charge polarization, hydrophilicity, hydrophobicity, and the like. A 
building block can be bulky or it can be small. 

A building block can be visualized as including several components, such as one or 
more frameworks, one or more linkers, and/or one or more recognition elements. The 
framework can be covalently coupled to each of the other building block components. The 
linker can be covalently coupled to the framework and to a support. The recognition element 
can be covalently coupled to the framework. In an embodiment, a building block includes a 
framework, a linker, and a recognition element. In an embodiment, a building block includes 
a framework, a linker, and two recognition elements. A building block including a 
framework, a linker, and one or more recognition elements can be schematically represented 
as: 
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Scheme 1 

Framework 

The framework can be selected for functional groups that provide for coupling to the 
recognition moiety and for coupling to or being the linking moiety. The framework can 
interact with the ligand as part of the artificial receptor. Typically, the framework includes 
multiple reaction sites with orthogonal and reliable functional groups and with controlled 
stereochemistry. Suitable functional groups with orthogonal and reliable chemistries include, 
for example, carboxyl, amine, hydroxyl, phenol, carbonyl, and thiol groups, which can be 
individually protected, deprotected, and derivatized. Typically, the framework has two, 
three, or four functional groups with orthogonal and reliable chemistries. 

A framework including three sites for orthogonal and reliable chemistries can be 
schematically represented as: 
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Scheme 2 

20 The three functional groups can be independently selected, for example, from carboxyl, 
amine, hydroxyl, phenol, carbonyl, or thiol group. The framework can include alkyl, 
substituted alkyl, cycloalkyl, heterocyclic, substituted heterocyclic, aryl alkyl, aryl, 
heteroaryl, heteroaryl alkyl, and like moieties. 

A general structure for a framework with three functional groups can be represented 

25 by Formula la: 

F 2 
I 

F,-R,- F 3 

A general structure for a framework with four functional groups can be represented by 
30 Formula lb: 

F 2 
I 

F,-R,- F 3 
I 

35 F 4 

In these general structures: Ri can be a 1-12, preferably 1-6, preferably 1-4 carbon alkyl, 
substituted alkyl, cycloalkyl, heterocyclic, substituted heterocyclic, aryl alkyl, aryl, 
heteroaryl, heteroaryl alkyl, or like group; and Fi, F2, F3, or F4 can independently be a 
carboxyl, amine, hydroxyl, phenol, carbonyl, or thiol group. Ft, F2, F3, or F4 can 
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GROUP 3 



independently be a 1-12, preferably 1-6, preferably 1-4 carbon alkyl, substituted alkyl, 
cycloalkyl, heterocyclic, substituted heterocyclic, aryl alkyl, aryl, heteroaryl, heteroaryl alkyl, 
or inorganic group substituted with carboxyl, amine, hydroxyl, phenol, carbonyl, or thiol 
group. F3 and/or F 4 can be absent. 

A variety of compounds fit the schemes and formulas describing the framework 
including amino acids, and naturally occurring or synthetic compounds including, for 
example, oxygen and sulfur functional groups. The compounds can be racemic or optically 
active. For example, the compounds can be natural or synthetic amino acids, a-hydroxy 
acids, thioic acids, and the like. 

Suitable molecules for use as a framework include a natural or synthetic amino acid, 
particularly an amino acid with a functional group (e.g., third functional group) on its side 
chain. Amino acids include carboxyl and amine functional groups. The side chain functional 
group can include, for natural amino acids, an amine (e.g., alkyl amine, heteroaryl amine), 
hydroxyl, phenol, carboxyl, thiol, thioether, or amidino group. Natural amino acids suitable 
for use as frameworks include, for example, serine, threonine, tyrosine, aspartic acid, 
glutamic acid, asparagine, glutamine, cysteine, lysine, arginine, histidine. Synthetic amino 
acids can include the naturally occurring side chain functional groups or synthetic side chain 
functional groups which modify or extend the natural amino acids with alkyl, substituted 
alkyl, cycloalkyl, heterocyclic, substituted heterocyclic, aryl alkyl, aryl, heteroaryl, heteroaryl 
alkyl, and like moieties as framework and with carboxyl, amine, hydroxyl, phenol, carbonyl, 
or thiol functional groups. Preferred synthetic amino acids include (J-amino acids and homo 
or p analogs of natural amino acids. 

Preferred framework amino acids include serine, threonine, or tyrosine, preferably 
serine or tyrosine, preferably tyrosine. Figure 9 illustrates serine as a framework for a 
building block and reactions for forming building blocks from serine, tyrosine, and other 
amino acids. Threonine and tyrosine typically exhibit reactivity similar to serine. 
Advantageously, serine, threonine, and tyrosine include: 1) multiple, orthogonal, well 
characterized reaction sites, 2) known methods and reactions for application as a 
combinatorial framework, 3) diversity of sub-structures and domains which can be 
incorporated through the carboxyl, a-amine, and hydroxyl functionalities, 4) compact 
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distribution of the multiple reaction sites around a tetrahedral carbon framework, and 5) 
ready commercial availability of reagents for forming linkers and/or recognition elements. 

Figure 10 illustrates configurations in which recognition element, linker, and a chiral 
element can be coupled to a tyrosine framework. Threonine and serine can form analogous 
5 configurations. The chiral element is a substituent that renders the carbon atom to which it is 
attached a chiral center. When one or more different recognition elements are also 
substituents on or coupled to the chiral center, the recognition elements can adopt two or 
more enantiomeric configurations. Such enantiomers can be advantageous for providing 
diversity among building blocks. 
10 Although not limiting to the present invention, a framework amino acid, such as 

serine, threonine, or tyrosine, with a linker and two recognition elements can be visualized 
with one of the recognition elements in a pendant orientation and the other in an equatorial 
orientation, relative to the extended carbon chain of the framework. 

Although not limiting to the present invention, the present building block framework 
1 5 can include: 1) diversity of framework reaction sites to maximize incorporation of potential 
receptor functionality, 2) reliable reaction and protection chemistries, 3) compact structure, 
4) incorporation of diverse sub-structures, 5) a suitable platform for linker element 
incorporation, and/or 6) development of non-equivalent diversity domains to minimize 
redundancy in the receptor building blocks while maximizing the number of functional 
20 groups and sub-structures incorporated into a small library. Typically, the framework 

includes multiple reaction sites with compact format. Compact format is advantageous for 
providing a building block that fits at a suitable density on a support. 

All of the naturally occurring and many synthetic amino acids are commercially 
available. Further, forms of these amino acids derivatized or protected to be suitable for 
25 reactions for coupling to recognition elements) and/or linkers can be purchased or made by 
known methods (see, e.g., Green, TW; Wuts, PGM (1999), Protective Groups in Organic 
Synthesis Third Edition , Wiley-Interscience, New York, 779 pp.; Bodanszky, M.; 
Bodanszky, A. (1994), The Practice of Peptide Synthesis Second Edition, Springer- Verlag, 
New York, 217 pp.). 



33 



Preferred reaction schemes for preparing amino acids for reactions for forming 
building blocks according to the present invention include those provided in the present 
Examples. 



5 Recognition Element 

The recognition element can be selected to provide one or more structural 
characteristics to the building block. The framework can interact with the ligand as part of 
the artificial receptor. For example, the recognition element can provide one or more 
structural characteristics such as positive charge, negative charge, acid, base, electron 

10 acceptor, electron donor, hydrogen bond donor, hydrogen bond acceptor, free electron pair, n 
electrons, charge polarization, hydrophilicity, hydrophobicity, and the like. A recognition 
element can be a small group or it can be bulky. 

In an embodiment the recognition element can be a 1-12, preferably 1-6, preferably 1- 
4 carbon alkyl, substituted alkyl, cycloalkyl, heterocyclic, substituted heterocyclic, aryl alkyl, 

15 aryl, heteroaryl, heteroaryl alkyl, or like group. The recognition element can be substituted 
with a group that includes or imparts positive charge, negative charge, acid, base, electron 
acceptor, electron donor, hydrogen bond donor, hydrogen bond acceptor, free electron pair, % 
electrons, charge polarization, hydrophilicity, hydrophobicity, and the like. 

Recognition elements with a positive charge (e.g., at neutral pH in aqueous 

20 compositions) include amines, quaternary ammonium moieties, ferrocene, and the like. 
Suitable amines include alkyl amines, alkyl diamines, heteroalkyl amines, aryl amines, 
heteroaryl amines, aryl alkyl amines, pyridines, heterocyclic amines (saturated or 
unsaturated, the nitrogen in the ring or not), amidines, hydrazines, and the like. Alkyl amines 
generally have 1 to 12 carbons, preferably 1-8, rings can have 3-12 carbons, preferably 3-8. 

25 Suitable alkyl amines include that of formula B9. Suitable heterocyclic or alkyl heterocyclic 
amines include that of formula A9. Suitable pyridines include those of formulas A5 and B5. 
Any of the amines can be employed as a quaternary ammonium compound. Additional 
suitable quaternary ammonium moieties include trimethyl alkyl quaternary ammonium 
moieties, dimethyl ethyl alkyl quaternary ammonium moieties, dimethyl alkyl quaternary 

30 ammonium moieties, aryl alkyl quaternary ammonium moieties, pyridinium quaternary 
ammonium moieties, and the like. 
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Recognition elements with a negative charge (e.g., at neutral pH in aqueous 
compositions) include carboxylates, phenols substituted with strongly electron withdrawing 
groups (e.g., substituted tetrachlorophenols), phosphates, phosphonates, phosphinates, 
sulphates, sulphonates, thiocarboxylates, and hydroxamic acids. Suitable carboxylates 
5 include alkyl carboxylates, aryl carboxylates, and aryl alkyl carboxylates. Suitable 

phosphates include phosphate mono-, di-, and tri- esters, and phosphate mono-, di-, and tri- 
amides. Suitable phosphonates include phosphonate mono- and di- esters, and phosphonate 
mono- and di- amides (e.g., phosphonamides). Suitable phosphinates include phosphinate 
esters and amides. 

10 Recognition elements with a negative charge and a positive charge (at neutral pH in 

aqueous compositions) include sulfoxides, betaines, and amine oxides. 

Acidic recognition elements can include carboxylates, phosphates, sulphates, and 
phenols,. Suitable acidic carboxylates include thiocarboxylates. Suitable acidic phosphates 
include the phosphates listed hereinabove. 

15 Basic recognition elements include amines. Suitable basic amines include alkyl 

amines, aryl amines, aryl alkyl amines, pyridines, heterocyclic amines (saturated or 
unsaturated, the nitrogen in the ring or not), amidines, and any additional amines listed 
hereinabove. Suitable alkyl amines include that of formula B9. Suitable heterocyclic or 
alkyl heterocyclic amines include that of formula A9. Suitable pyridines include those of 

20 formulas A5 and B5. 

Recognition elements including a hydrogen bond donor include amines, amides, 
carboxyls, protonated phosphates, protonated phosphonates, protonated phosphinates, 
protonated sulphates, protonated sulphinates, alcohols, and thiols. Suitable amines include 
alkyl amines, aryl amines, aryl alkyl amines, pyridines, heterocyclic amines (saturated or 

25 unsaturated, the nitrogen in the ring or not), amidines, ureas, and any other amines listed 
hereinabove. Suitable alkyl amines include that of formula B9. Suitable heterocyclic or 
alkyl heterocyclic amines include that of formula A9. Suitable pyridines include those of 
formulas A5 and B5. Suitable protonated carboxylates, protonated phosphates include those 
listed hereinabove. Suitable amides include those of formulas A8 and B8. Suitable alcohols 

30 include primary alcohols, secondary alcohols, tertiary alcohols, and aromatic alcohols (e.g., 
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phenols). Suitable alcohols include those of formulas A7 (a primary alcohol) and B7 (a 
secondary alcohol). 

Recognition elements including a hydrogen bond acceptor or one or more free 
electron pairs include amines, amides, carboxylates, carboxyl groups, phosphates, 
5 phosphonates, phosphinates, sulphates, sulphonates, alcohols, ethers, thiols, and thioethers. 
Suitable amines include alkyl amines, aryl amines, aryl alkyl amines, pyridines, heterocyclic 
amines (saturated or unsaturated, the nitrogen in the ring or not), amidines, ureas, and amines 
as listed hereinabove. Suitable alkyl amines include that of formula B9. Suitable 
heterocyclic or alkyl heterocyclic amines include that of formula A9. Suitable pyridines 

10 include those of formulas A5 and B5. Suitable carboxylates include those listed hereinabove. 
Suitable amides include those of formulas A8 and B8. Suitable phosphates, phosphonates 
and phosphinates include those listed hereinabove. Suitable alcohols include primary 
alcohols, secondary alcohols, tertiary alcohols, aromatic alcohols, and those listed 
hereinabove. Suitable alcohols include those of formulas A7 (a primary alcohol) and B7 (a 

15 secondary alcohol). Suitable ethers include alkyl ethers, aryl alkyl ethers. Suitable alkyl 
ethers include that of formula A6. Suitable aryl alkyl ethers include that of formula A4. 
Suitable thioethers include that of formula B6. 

Recognition elements including uncharged polar or hydrophilic groups include 
amides, alcohols, ethers, thiols, thioethers, esters, thio esters, boranes, borates, and metal 

20 complexes. Suitable amides include those of formulas A8 and B8. Suitable alcohols include 
primary alcohols, secondary alcohols, tertiary alcohols, aromatic alcohols, and those listed 
hereinabove. Suitable alcohols include those of formulas A7 (a primary alcohol) and B7 (a 
secondary alcohol). Suitable ethers include those listed hereinabove. Suitable ethers include 
that of formula A6. Suitable aryl alkyl ethers include that of formula A4. 

25 Recognition elements including uncharged hydrophobic groups include alkyl 

(substituted and unsubstituted), alkene (conjugated and unconjugated), alkyne (conjugated 
and unconjugated), aromatic. Suitable alkyl groups include lower alkyl, substituted alkyl, 
cycloalkyl, aryl alkyl, and heteroaryl alkyl. Suitable lower alkyl groups include those of 
formulas Al, A3, and Bl. Suitable aryl alkyl groups include those of formulas A3, A4, B3, 

30 and B4. Suitable alkyl cycloalkyl groups include that of formula B2. Suitable alkene groups 
include lower alkene and aryl alkene. Suitable aryl alkene groups include that of formula B4. 
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Suitable aromatic groups include unsubstituted aryl, heteroaryl, substituted aryl, aryl alkyl, 
heteroaryl alkyl, alkyl substituted aryl, and polyaromatic hydrocarbons. Suitable aryl alkyl 
groups include those of formulas A3 and B4. Suitable alkyl heteroaryl groups include those 
of formulas A5 and B5. 

Spacer recognition elements include hydrogen, methyl, ethyl, and the like. Bulky 
recognition elements include 7 or more carbon or hetero atoms. 

Formulas A1-A9 and B1-B9 are: 



CH 2 CH 3 



Al 



CH 2 CH(CH 3 ) 2 



A2 




A3 




A4 




A5 



CH 2 CH 2 -0-CH 3 



A6 



CH 2 CH 2 -OH 



A7 
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CH 2 CH 2 -NH-C(0)CH 3 
CH 2 CH 2 N 



CH, 



A8 



A9 



Bl 



CH 2 CH 2 




CI 



H,C- 



B2 



B3 



CH=CH- 



/ \ 



B4 



CH2CH2" 



/ \ 



-N 



CH2~S-CH3 



CH 2 CH(OH)CH 3 



CH 2 CH 2 C(0)-NH 2 



B5 



B6 



B7 



B8 
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CH 2 CH 2 CH 2 -N-(CH 3 ) 2 



B9 



These A and B recognition elements can be called derivatives of, according to a 
5 standard reference: Al, ethylamine; A2, isobutylamine; A3, phenethylamine; A4, 4- 
methoxyphenethylamine; A5, 2-(2-aminoethyl)pyridine; A6, 2-methoxyethylamine; A7, 
ethanolamine; A8, N-acetylethylenediamine; A9, l-(2-aminoethyl)pyrrolidine; Bl, acetic 
acid, B2, cyclopentylpropionic acid; B3, 3-chlorophenylacetic acid; B4, cinnamic acid; B5, 
3-pyridinepropionic acid; B6, (methylthio)acetic acid; B7, 3 -hydroxy butyric acid; B8, 

10 succinamic acid; and B9, 4-(dimethylamino)butyric acid. 

In an embodiment, the recognition elements include one or more of the structures 
represented by formulas Al, A2, A3, A4, A5, A6, A7, A8, and/or A9 (the A recognition 
elements) and/or Bl, B2, B3, B4, B5, B6, B7, B8, and/or B9 (the B recognition elements). In 
an embodiment, each building block includes an A recognition element and a B recognition 

15 ' element. In an embodiment, a group of 81 such building blocks includes each of the 8 1 
unique combinations of an A recognition element and a B recognition element. In an 
embodiment, the A recognition elements are linked to a framework at a pendant position. In 
an embodiment, the B recognition elements are linked to a framework at an equatorial 
position. In an embodiment, the A recognition elements are linked to a framework at a 

20 pendant position and the B recognition elements are linked to the framework at an equatorial 
position. 

Although not limiting to the present invention, it is believed that the A and B 
recognition elements represent the assortment of functional groups and geometric 
configurations employed by polypeptide receptors. Although not limiting to the present 

25 invention, it is believed that the A recognition elements represent six advantageous 

functional groups or configurations and that the addition of functional groups to several of 
the aryl groups increases the range of possible binding interactions. Although not limiting to 
the present invention, it is believed that the B recognition elements represent six 
advantageous functional groups, but in different configurations than employed for the A 

30 recognition elements. Although not limiting to the present invention, it is further believed 
that this increases the range of binding interactions and further extends the range of 
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functional groups and configurations that is explored by molecular configurations of the 
building blocks. 

Reagents that form many of the recognition elements are commercially available. For 
example, reagents for forming recognition elements Al, A2, A3, A4, A5, A6, A7, A8, A9 
5 Bl, B2, B3, B4 5 B5, B6, B7, B8, and B9 are commercially available. 

Linkers 

The linker is selected to provide a suitable covalent attachment of the building block 
to a support. The framework can interact with the ligand as part of the artificial receptor. 

10 The linker can also provide bulk, distance from the support, hydrophobicity, hydrophilicity, 
and like structural characteristics to the building block. Preferably, the linker forms a 
covalent bond with a functional group on the framework. Preferably, before attachment to 
the support the linker also includes a functional group that can be activated to react with or 
that will react with a functional group on the support. Preferably, once attached to the 

1 5 support, the linker forms a covalent bond with the support and with the framework. 

The linker preferably forms or can be visualized as forming a covalent bond with an 
alcohol, phenol, thiol, amine, carbonyl, or like group on the framework. The linker can 
include a carboxyl, alcohol, phenol, thiol, amine, carbonyl, maleimide, or like group that can 
react with or be activated to react with the support. Between the bond to the framework and 

20 the group formed by the attachment to the support, the linker can include an alkyl, substituted 
alkyl, cycloalkyl, heterocyclic, substituted heterocyclic, aryl alkyl, aryl, heteroaryl, heteroaryl 
alkyl, ethoxy or propoxy oligomer, a glycoside, or like moiety. 

The linker can include a good leaving group bonded to, for example, an alkyl or aryl 
group. The leaving group being "good" enough to be displaced by the alcohol, phenol, thiol, 

25 amine, carbonyl, or like group on the framework. Such a linker can include a moiety 

represented by the formula: R-X, in which X is a leaving group such as halogen (e.g., -CI, - 
Br or -I), tosylate, mesylate, triflate, and R is alkyl, substituted alkyl, cycloalkyl, 
heterocyclic, substituted heterocyclic, aryl alkyl, aryl, heteroaryl, heteroaryl alkyl, ethoxy or 
propoxy oligomer, a glycoside, or like moiety. 

30 Preferred linker groups include those of formula: (CH 2 ) n COOH, with n=l-16, 

preferably n=2-8, preferably n=2-6, preferably n=3. Reagents that form suitable linkers are 
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commercially available and include any of a variety of reagents with orthogonal 
functionality. 



Embodiments of Building Blocks 

5 In an embodiment, building blocks can be represented by Formula 2: 

RE 2 



C=0 



RE, 



N 
H 



R 2 

in which: RE, is recognition element 1, RE 2 is recognition element 2, and L is a linker. X is 
absent, C=0, CH 2 , NR, NR 2 , NH, NHCONH, SCONH, CH=N, or OCH 2 NH. Preferably X is 
absent or C=0. Y is absent, NH, O, CH 2 , or NRCO. Preferably Y is NH or O. Preferably Y 

10 is NH. Z is CH2, O, NH, S, CO, NR, NR 2 , NHCONH, SCONH, CH=N, or OCH 2 NH. 

Preferably Z is O. R 2 is H, CH3, or another group that confers chirality on the building block 
and has size similar to or smaller than a methyl group. R3 is CH 2 ; CH 2 -phenyl; CHCH3; 
(CH 2 )„ with n=2-3; or cyclic alkyl with 3-8 carbons, preferably 5-6 carbons, phenyl, 
naphthyl. Preferably R3 is CH 2 or CH 2 -phenyl. 

15 RE, is Bl, B2, B3, B4, B5, B6, B7, B8, B9, Al, A2, A3, A4, A5, A6, A7, A8, or A9. 

Preferably RE, is Bl, B2, B3, B4, B5, B6, B7, B8, or B9. RE 2 is Al, A2, A3, A4, A5, A6, 
A7, A8, A9, Bl, B2, B3, B4, B5, B6, B7, B8, or B9. Preferably RE 2 is Al, A2, A3, A4, A5, 
A6, A7, A8, or A9. In an embodiment, RE, can be B2, B4, or B6 and RE 2 can be A2, A4, or 
A6. In an embodiment, REi can be Bl, B3, B6, or B8 and RE 2 can be A2, A4, A5, or A9. In 

20 an embodiment, RE| can be B2, B4, B6, or B8 and RE 2 can be A2, A4, A6, or A8. In an 
embodiment, RE, can be Bl, B2, B4, B6, or B8 and RE 2 can be Al, A2, A4, A6, or A8. 
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L is (CH2) n C00H, with n=l-16, preferably n=2-8, preferably n=4-6, preferably n=3. 

Embodiments of such building blocks include: 
4-{4-[(acetylamino-ethylcarbamoyl-methyl)-amino]-phenoxy}-butyric acid; 
4-(4- { [(3-cyclopentyl-propionylamino)-ethylcarbamoyl-methyl]-amino } -phenoxy)-butyric acid; 
5 4-[4-({[2-(3-chloro-phenyl)-acetylamino]-ethylcarbamoyI-methyI}-amino)-phenoxy]-butyric 
acid; 

4-(4-{[ethylcarbamoyl-(3-phenyl-acryloylamino)-methyl]-amino}-phenoxy)-butyric acid; 

4-(4-{[ethyIcarbamoyl-(3-pyridin-3-yl-propionylamino)-methyl]-amino}-phenoxy)-butyric 

acid; 

1 0 4-(4- { [ethy lcarbamoyl-(2-methylsulfanyl-acety lamino)-methy l]-amino } -phenoxy)-butyric acid; 
4-(4- { [ethylcarbamoyl-(3-hydroxy-butyrylamino)-methyl]-amino} -phenoxy)-butyric acid; 
4-(4-{[(3-carbamoyl-propionylamino)-ethylcarbamoyl-methyl]-amino}-phenoxy)-butyric acid; 
4-(4-{[(4~dimethylamino-butyrylamino)-ethylcarbamoyl-methyl]-amino}-phenoxy)-butyric 
acid; 

1 5 4-{4-[(acetylamino-isobutylcarbamoyl-methyl)-amino]-phenoxy}-butyric acid; 

4-(4-{[(3-cyclopentyl-propionylamino)-isobutylcarbamoyl-methyl]-amino}-phenoxy)-butyric 
acid; 

4-[4-({[2-(3-chloro-phenyl)-acetylamino]-isobutylcarbamoyl-methyl}-amino)-phenoxy]-butyric 
acid; 

20 4-(4-{[isobutylcarbamoyl-(3-phenyl-acryloylamino)-methyl]-amino}-phenoxy)-butyricacid; 
4-(4-{[isobutylcarbamoyl-(3-pyridin-3-yl-propionylamino)-methyl]-amino}-phenoxy)-b 
acid; 

4-(4- { [isobutylcarbamoy l-(2-methylsulfanyl-acetylamino)-methyl]-amino} -phenoxy)-butyric 
acid; 

25 4-(4- { [(3 -hydroxy-butyrylamino)-isobutylcarbamoyl-methy l]-amino } -phenoxy)-butyric acid; 
4-(3-{[(3-carbamoyl-propionylamino)-isobutylcarbamoyl-methyl]-amino}-phenoxy)-butyric 
acid; 

4-(4- { [(4-dimethylamino-butyrylamino)-isobuty lcarbamoyl-methy l]-amino } -phenoxy)-butyric 
acid; 

30 4-{4-[(acetylamino-phenethylcarbamoyl-methyl)-amino]-phenoxy}-butyricacid; 
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4-(4- { [(3-cyclopentyl-propionyl^ 
acid; 

4 "[4-({ [2^3-chloro-phenyl)^ 
butyric acid; 

5 4-(4-{[phenethylcarbamoyl^ acid; 
4-(4-{[phenethylcarbamoyl-(3-pyridin-3-yl-p^ 
acid; 

4-(4-{[(2-methylsulfanyl-acetylamin^ 
acid; 

1 0 4-(4- { [(3-hydroxy-butyiylamino)-phenethylcarbamoyl-methyl]-amino } -phenoxy)-butyric acid; 
4-(4-{[(3-carbamoyl-propionylam 
acid; 

4-(4- { [(4-dimethy lamino-butyrylamino)-phenethylcarbamoy 1-methy l]-amino } -phenoxy)- 
butyric acid; 

15 4-[4-({acetylamino-[2-(4-methoxy-phenyl^ 
butyric acid; 

4-[4-({(3-cyclopentyl-propionylamino)-[2-(4-methoxy-phenyl)-ethylcarbamoyl]-m 
amino)-phenoxy] -butyric acid; 

4-[4-({[2-(3-chloro-phenyl)-acetylamino]-[2-(4-methoxy-phenyl)-ethylcarbam 
20 amino)-phenoxy]-butyric acid; 

4-(4- { [[2-(4-methoxy-phenyl)-ethy lcarbamoy l]-(3 -pheny 1-acry loylamino)-methy l]-amino } - 

phenoxy)-butyric acid; 

4-(4-{[[2-(4-methoxy-phenyl)-ethylcaA 

amino }-phenoxy)-butyric acid; 
25 4-(4-{[[2-(4-methoxy-phenyl)-ethylc^ 

amino }-phenoxy)-butyric acid; 

4-[4<{(3-hydroxy-butyrylamino)-^ 

phenoxy]-butyric acid; 

4-[4K{(3-carbamoyl-propionylamino)-[2-(4-methoxy-phenyl)-ethylcarbamoyi]-methyl}- 
30 amino)-phenoxy] -butyric acid; 
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4-[4-({(4-dimethylamino-butyrylamino)-^ 
amino)-phenoxy] -butyric acid; 

4-(4-{ [acety lamino-(2-pyridin-2-yl-ethylcarbamoy l)-methyl]-amino} -phenoxy)-butyric acid; 
4-(4-{[(3-cyclopentyl-propionylamino)-(2-pyridin-2-yl-ethylcarbamoyl)-m 
5 phenoxy)-butyric acid; 

4-(4-{[[2-(3-chloro-phenyl)-acetylamino]-(2-p^ 
phenoxy)-butyric acid; 
4-(4-{[(3-phenyl-aciyloylammo 
butyric acid; 

10 4-(4-{[(2-pyridin-2-yl-ethylcarbamoyl)-(3-pyri^^ 
phenoxy)-butyric acid; 

4-(4-{[(2-methylsulfanyl-acetylamino)-(2-pyrid 
phenoxy)-butyric acid; 

4-(4-{[(3-hydroxy-butyiylamino)-(2-pyridin-2-yl-ethylcarbamoyl)-methyl^ 
15 butyric acid; 

4-(4-{[(3-carbamoyl-propionylamino)-(2-pyridin-2-yl-ethylcarbamoyl)-methyl]-a^ 
phenoxy)-butyric acid; 

4-(4- { [(4-dimethy lamino-butyrylamino)-(2-pyridin-2-yl-ethylcarbamoy l)-methy l]-amino } - 
phenoxy)-butyric acid; 

20 4-(4- { [acetylamino-(2-methoxy-ethylcarbamoyl)-methyl] -amino } -phenoxy )-butyric acid; 
4-(4- { [(3-cyclopentyl-propionylamino)-(2-methoxy-ethylcarbamoyl)-methy 1] -amino } - 
phenoxy)-butyric acid; 

4-(4- { [[2-(3 -chloro-pheny l)-acety lamino]-(2-methoxy-ethy lcarbamoyl)-methyl]-amino } - 
phenoxy)-butyric acid; 

25 4-(4-{[(2-methoxy-ethylcarbamoyl)-(3-phenyl-acryloylamino)-methyl]-amino}-phenoxy)- 
butyric acid; 

4-(4- { [(2-methoxy-ethy lcarbamoy l)-(3 -py ridin-3 -y 1-propiony lamino)-methy 1] -amino } - 
phenoxy)-butyric acid; 

4-(4- { [(2-methoxy-ethy lcarbamoyl)-(2-methy lsulfany l-acetylamino)-methy l]-amino } - 
30 phenoxy)-butyric acid; 
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4-(4- { [(3-hydroxy-butyrylamino)-(2-methoxy-ethylcarbamoyl)-methyl]-amino} 
butyric acid; 

4^3-{[(3-carbamoyl-propionylamino)-(2-^ 
butyric acid; 

5 4-(4- { [(4-dimethylamino-butyrylamino)-(2-methoxy-ethy lcarbamoy l)-methy l]-amino } - 
phenoxy)-butyric acid; 

4-(4-{[acetylamino-(2-hydroxy-ethy lcarbamoy l)-methyl]-amino}-phenoxy)-butyric acid; 
4-(4-{[(3-cyclopentyl-propionyIamino)-(2-hydroxy-ethylcarbamoyl)-methyl]-amino}- 
phenoxy)-butyric acid; 
10 4-(4-{[[2-(3-chloro-phenyl)-acetylamino]-(2-hydroxy-ethylcarbamoyl)-methyl]-am 
phenoxy)-butyric acid; 

4-(4- { [(2-hydroxy-ethylcarbamoy l)-(3 -phenyl-acryloy lamino)-methy l]-amino } -phenoxy)- 
butyric acid; 

4-(4-{ [(2-hydroxy-ethylcarbamoy 
15 phenoxy)-butyric acid; 

4-(4-{ [(2-hydroxy-ethylcarbamoy l)-(2-methylsulfanyl-acetylamino)-methyl]-amino}-phenoxy)- 
butyric acid; 

4-(4- { [(3 -hy droxy-butyrylamino)-(2-hydroxy-ethy lcarbamoy l)-methyl] -amino } -phenoxy)- 
butyric acid; 

20 4-(3-{[(3-carbamoyl-propionylamino)-(2-hydroxy-ethylcarbamoyl)-methyl]-amino}-phenoxy)- 
butyric acid; 

4-(4- { [(4-dimethylamino-butyry lamino)-(2-hydroxy-ethylcarbamoyl)-methyl]-amino } - 
phenoxy)-butyric acid; 

4-(4- { [acety lamino-(2-acetylamino-ethy lcarbamoy l)-methyl] -amino }-phenoxy)-butyric acid; 
25 4-(4-{[(2-acetylamino-ethylcarbamoyl)-(3-cyclopentyl-propionylamino)-methyl]-amino}- 
phenoxy)-butyric acid; 

4-[4-( { (2-acety lamino-ethy lcarbamoyl)- [2-(3 -chloro-pheny l)-acety lamino]-methy 1 } -amino)- 
phenoxy]-butyric acid; 

4-(4- { [(2-acety lamino-ethy lcarbamoy l)-(3 -pheny 1-acry loy lamino)-methy 1] -amino } -phenoxy )- 
30 butyric acid; 
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4-(4-{ [(2-acetylamino^thylcarbam^ 
phenoxy)-butyric acid; 

4-(4- { [(2-acetylamino-ethylcarbamoyl)-(2-methylsulfan^ 
phenoxy)-butyric acid; 
5 4-(4-{[(2-acetylamino-ethylcarbam 
butyric acid; 

4-(3-{[(2-acetylamino-ethylcarbamoyl)-(3-carbamoyl-pro^ 
phenoxy)-butyric acid; 

4-(4- { [(2-acety lamino-ethy lcarbamoyl)-(4-dimeliiylamino-butyrylamino)-methyl]--amino}- 
1 0 phenoxy)-butyric acid; 

4-(4- { [acety lamino-(2-pyrrolidin- 1 -y 1-ethylcarbamoy l)-methyl]-amino} -phenoxy)-butyric 
acid; 

4-(4- { [(3 -cy clopenty 1-propionylaminoH^ 
phenoxy)-butyric acid; 
15 4-(4-{[[2-(3-chloro-phenyl)-acetylamino]-(2^ 
phenoxy)-butyric acid; 

4-(4- { [(3-phenyl-acryloy lamino)-(2-pyrrolidin- 1 -yl-ethylcarbamoyl)-methy l]-amino } - 
phenoxy)-butyric acid; 

4-(4- { [(3-pyridin-3-yl-propionylamino)-(2-pyrrolidin- 1 -yl-ethylcarbamoyl)-methyl]-amino}- 
20 phenoxy)-butyric acid; 

4-(4- { [(2-methy lsulfany 1-acety lamino)-(2-pyrrolidin- 1 -y 1-ethylcarbamoy l)-methy l]-amino } - 
phenoxy)-butyric acid; 

4-(4- { [(3-hydroxy-butyryiamino)-(2-pyrrolidin- 1 -yl-ethylcarbamoyl)-methyl] -amino }- 
phenoxy)-butyric acid; 

25 4-(3-{ [(3-carbamoyl-propionylamino)-(2-pyrrolidin- 1 -yi-ethylcarbamoyl)-methyl]-amino} - 
phenoxy)-butyric acid; 

4-(4- { [(4-dimethylamino-butyrylamino)-(2-pyrrolidin- 1 -y 1-ethylcarbamoy l)-methyl]-amino}- 
phenoxy)-butyric acid; 

salts thereof, esters thereof, protected or blocked derivatives thereof, immobilized derivatives 
30 thereof, derivatives thereof, or mixtures thereof. The nomenclature in this paragraph is 
according to the program CS CHEMDRAW ULTRA®. 
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Building blocks of Formula 2 and including an A recognition element, a B 
recognition element, a linker, and a framework of a naturally occurring a-amino acid can be 
visualized as having the B recognition element in an equatorial configuration and the A 
recognition element in a pendant configuration. An embodiment of such a configuration is 
5 schematically illustrated in Scheme 3: 



\ 
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30 Building blocks including an A and/or a B recognition element, a linker, and an 

amino acid framework can be made by methods illustrated in general Scheme 4. 
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TYROSINE FRAMEWORK SERINE FRAMEWORK 




Scheme 4 
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More on Building Blocks 

Building blocks can be asymmetric. Employing asymmetry, various combinations of, 
for example, linker and recognition elements can produce building blocks that can be 
visualized to occupy 3D space in different ways. As a consequence, these different building 
5 blocks can perform binding related but otherwise distinct functions. 

In an embodiment, building blocks including two recognition elements, a linker, and 
a framework can be visualized as having both recognition elements in spreading pendant 
configurations. An embodiment of such a configuration is schematically illustrated in 
Scheme 5: 
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30 Such a configuration has a molecular footprint with substantial area in two dimensions. Such 
a larger footprint can be suitable, for example, for binding larger ligands that prefer or 
require interactions with a receptor over a larger area or that prefer or require interactions 
with a larger number of functional groups on the recognition element. Such larger ligands 
can include proteins, carbohydrates, cells, and microorganisms (e.g., bacteria and viruses). 

35 In an embodiment, a building block can have only a single recognition element in a 

pendant configuration and a pendant linker distal on the framework. Such building blocks 
can be compact. Such a building block can interact with large molecules that include a 
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binding region, such as a protein (e.g., enzyme or receptor) or other macromolecule. For 
example, such a building block can be employed to probe cavities, such as binding sites, on 
proteins. 

5 Sets of Building Blocks 

The present invention also relates to sets of building blocks. The sets of building 
blocks can include isolated building blocks, building blocks with an activated linker for 
coupling to a support, and/or building blocks coupled to a support. Sets of building blocks 
include a plurality of building blocks. The plurality of building blocks can be a component 

10 of a coating, of a spot or spots (e.g., forming candidate artificial receptor(s)), or of a kit. The 
plurality of building blocks can include a sufficient number of building blocks and 
recognition elements for exploring candidate artificial receptors or for defining receptors for 
a ligand. That is, the set of building blocks can include a majority (preferably at least 6) of 
the structural characteristics selected from positive charge, negative charge, acid, base, 

15 electron acceptor, electron donor, hydrogen bond donor, hydrogen bond acceptor, free 
electron pair, n electrons, charge polarization, hydrophilicity, hydrophobicity. 

For a set of building blocks, the recognition elements are preferably selected to 
provide a variety of structural characteristics to the individual members of the set. A single 
building block can include recognition elements with more than one of the structural 

20 characteristics. A set of building blocks can include recognition elements with each of the 
structural characteristics. For example, a set of building blocks can include one or more 
building blocks including a positively charged recognition element, one or more building 
blocks including a negatively charged recognition element, one or more building blocks 
including an acidic recognition element, one or more building blocks including a basic 

25 recognition element, one or more building blocks including an electron donating recognition 
element, one or more building blocks including an electron accepting recognition element, 
one or more building blocks including a hydrogen bond donor recognition element, one or 
more building blocks including a hydrogen bond acceptor recognition element, one or more 
building blocks including a polar recognition element, one or more building blocks including 

30 a recognition element with free electron pair(s), one or more building blocks including a 
recognition element with n electrons, one or more building blocks including a hydrophilic 
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recognition element, one or more building blocks including a hydrophobic recognition 
element, one or more building blocks including a small recognition element, and/or one or 
more building blocks including a bulky recognition element. 

In an embodiment, the number and variety of recognition elements is selected to 
provide a set of building blocks with a manageable number of members. A manageable 
number of building blocks provides, typically, fewer than 10 million combinations, 
preferably about 2 million combinations, with each combination including, preferably, 3, 4, 
5, or 6 building blocks. In an embodiment, the recognition elements provide a set of building 
blocks that incorporate the functional groups and configurations found in the components of 
natural receptors, preferably with the smallest number of building blocks. 

The nine A and nine B recognition elements can be incorporated into a set of 81 (9x9) 
building blocks, each with one A and one B recognition element. Such building blocks can, 
for example, be prepared using combinatorial syntheses on a framework, such as a serine or 
tyrosine framework. In groups of 4, this set of 81 building blocks provides 1 .66 million 
combinations of building blocks (Table 1), each of which can be a heterogeneous 
combination in a microarray on a support, substrate, or scaffold. Although not limiting to the 
present invention, it is believed that these groups of 4 are sufficient to incorporate the 
functional groups and configurations found in natural receptors and to provide sufficient 
candidate artificial receptors to yield one or more artificial receptors for a specified ligand. 

Table 1 - - Calculation of the Number of Candidate Artificial Receptor Combinations 
Discrete combinations calculated using the following formula for N compounds taken 
in groups of n (CRC Standard Math Tables and Formulas Handbook, 30th ed.): 



Number of Combinations = N! / (N-n)! n! 



ForN = 81 



GROUP 



COMBINATIONS 



n=l 



81 



n = 2 



n = 3 



3,240 
85,320 



n-4 



1,663,740 
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A set of building blocks can include building blocks of general Formula 2, with REi 
being Bl, B2, B3, B4, B5, B6, B7, B8, or B9 and with RE 2 being Al, A2, A3, A4, A5, A6, 
A7, A8, or A9. In an embodiment of the set, REi can be B2, B4, or B6 and RE2 can be A2, 
A4, or A6. In an embodiment of the set, REi can be Bl, B3, B6, or B8 and RE 2 can be A2, 
5 A4, A5, or A9. In an embodiment of the set, REi can be B2, B4, B6, or B8 and RE2 can be 
A2, A4, A6, or A8. In an embodiment of the set, REj can be Bl, B2, B4, B6, or B8 and RE 2 
can be Al, A2, A4, A6, or A8. In an embodiment of the set, REi can be Bl, B2, B3, B4, B5, 
B6, B7, B8, or B9 and RE 2 can be Al, A2, A3, A4, A5, A6, A7, A8, or A9. 

In an embodiment, a set of building blocks includes alkyl, aryl, and polar recognition 

10 elements, plus recognition elements that are combinations of these structural characteristics. 
A set of building blocks including those of general Formula 2, with REj being Bl, B2, B3, 
B4, B5, B6, B7, B8, or B9 and with RE 2 being Al, A2, A3, A4, A5, A6, A7, A8, or A9 is a 
set of building blocks with includes alkyl, aryl, and polar recognition elements. Table 2 
illustrates an embodiment of 81 building blocks of general Formula 2 with recognition 

1 5 elements that span alkyl, aryl, and polar recognition elements. 
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Table 2 - Embodiment of 81 Building Blocks of General Formula 2 with Recognition 
Elements that Span Alkyl, Aryl, and Polar Recognition Elements. 



REi, EQUATORIAL 



REl 
RE2 


Bl 


B2 


B3 


B4 


B5 


B6 


B7 


B8 


B9 


Al 


Al-Bl 


A1-B2 


A1-B3 


A1-B4 


A1-B5 


A1-B6 


A1-B7 


A1-B8 


A1-B9 


A2 


A2-B1 


A2-B2 


A2-B3 


A2-B4 


A2-B5 


A2-B6 


A2-B7 


A2-B8 


A2-B9 


A3 


A3-B1 


A3-B2 


A3-B3 


A3-B4 


A3-B5 


A3-B6 


A3-B7 


A3-B8 


A3-B9 


A4 


A4-B1 


A4-B2 


A4-B3 


A4-B4 


A4-B5 


A4-B6 


A4-B7 


A4-B8 


A4-B9 


A5 


A5-B1 


A5-B2 


A5-B3 


A5-B4 


A5-B5 


A5-B6 


A5-B7 


A5-B8 


A5-B9 


A6 


A6-B1 


A6-B2 


A6-B3 


A6-B4 


A6-B5 


A6-B6 


A6-B7 


A6-B8 


A6-B9 


A7 


A7-B1 


A7-B2 


A7-B3 


A7-B4 


A7-B5 


A7-B6 


A7-B7 


A7-B8 


A7-B9 


A8 


A8-B1 


A8-B2 


A8-B3 


A8-B4 


A8-B5 


A8-B6 


A8-B7 


A8-B8 


A8-B9 


A9 


A9-B1 


A9-B2 


A9-B3 


A9-B4 


A9-B5 


A9-B6 


A9-B7 


A9-B8 


A9-B9 
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Embodiments of Sets of Building Blocks 

The present invention includes sets of building blocks. Sets of building blocks can 
include 2 or more building blocks coupled to a support or scaffold. Such a support or 
scaffold can be referred to as including heterogeneous building blocks. As used herein, the 

10 term "support" refers to a solid support that is, typically, macroscopic. As used herein, the 
term scaffold refers to a molecular scale structure to which a plurality of building blocks can 
covalently bind. The two or more building blocks can be coupled to the support or scaffold 
in a molecular configuration with different building blocks in proximity to one another. Such 
a molecular configuration of a plurality of different building blocks provides a candidate 

15 artificial receptor. 
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Building Blocks on Supports 

The present invention includes immobilized sets and combinations of building blocks. 
In an embodiment, the present invention includes a solid support having on its surface a 
plurality of building blocks. 

For example, the support can be a glass tube or well coated with a plurality of 
building blocks. In an embodiment, the surface of the glass tube or well (e.g., a 96 well 
plate) coated with a coating to which the plurality of building blocks are covalently bound. 
Such a coating can be referred to as including heterogeneous building blocks. The surface or 
coating can include a density of building blocks sufficient to provide interactions of more 
than one building block with a ligand. The building blocks can be in proximity to one 
another. Evidence of proximity of different building blocks is provided by altered (e.g., 
tighter or looser) binding of a ligand to a surface with a plurality of building blocks compared 
to a surface with only one of the building blocks. 

A set of building blocks can be employed in combinations of 2, 3, 4, or more building 
blocks on an individual tube or well. For this embodiment, with each combination using a 
bulky tube or well, a manageable set of building blocks preferably provides fewer than 
several hundred or several thousand combinations of building blocks. For example, in this 
context, a set of 3, 4, 5, or 6 building blocks provides a manageable number of combinations 
of 2, 3, or 4 building blocks. 

In an embodiment, immobilized combinations of building blocks can include a 
plurality of tubes each tube having immobilized on its surface a heterogeneous combination 
of building blocks. The building blocks can be immobilized on the surface of the tube 
through amide links between each building block and a support matrix. The immobilized 
building blocks can include combinations of 2, 3, or 4 building blocks. For convenience in 
limiting the number of tubes handled, in this embodiment a set includes up to 5-7 building 
blocks, preferably 5 or fewer, preferably 3, 4, or 5. For tubes, suitable building blocks have 
general Formula 2, with REi being Bl, B2, B3, B4, B5, B6, B7, B8, or B9 and with RE 2 
being Al, A2, A3, A4, A5, A6, A7, A8, or A9. In an embodiment for tubes, REi can be Bl, 
B3, B6, or B8 and RE 2 can be A2, A4, A5, or A9. In an embodiment for tubes, REi can be 
B2, B4, or B6 and RE 2 can be A2, A4, or A6. In an embodiment for tubes, REi can be B2, 
B4, B6, or B8 and RE 2 can be A2, A4, A6, or A8. In an embodiment for tubes, REi can be 
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Bl, B2, B4, B6, or B8 and RE 2 can be Al , A2, A4, A6, or A8. A plurality of tubes each 
coated with a combination of building blocks can be configured as an array of tubes. 

In an embodiment, the present invention includes a solid support having on its surface 
a plurality of regions or spots, each region or spot including a plurality of building blocks. 
For example, the support can be a glass slide spotted with a plurality of spots, each spot 
including a plurality of building blocks. Such a spot or region can be referred to as including 
heterogeneous building blocks. Each region or spot can include a density of building blocks 
sufficient to provide interactions of more than one building block with a ligand. Although 
each region or spot is typically separated from the others, in the region or spot, the building 
blocks can be in proximity to one another. Evidence of proximity of different building 
blocks in a region or spot is provided by altered (e.g., tighter or looser) binding of a ligand to 
a surface with a plurality of building blocks compared to a region or spot with only one of the 
building blocks. A plurality of regions or spots of building blocks is referred to herein as an 
array of regions or spots. 

A set of building blocks can be employed in combinations of 2, 3, 4, or more building 
blocks in each region or spot. In such an embodiment, up to 100,000 spots can fit on a glass 
slide. Therefore, a manageable set of building blocks can provide several million 
combinations of building blocks. For example, in this context, a set of 8 1 building blocks 
provides a manageable number of (1.66 million) combinations of 4 building blocks. 
Although not limiting to the present invention, it is believed that these 1 .66 million 
combinations are sufficient to incorporate the functional groups and configurations found in 
natural receptors and to provide sufficient candidate artificial receptors to yield one or more 
artificial receptors for a specified ligand. 

In an embodiment, immobilized combinations of building blocks can include one or 
more glass slides, each slide having on its surface a plurality of spots, each spot including an 
immobilized heterogeneous combination of building blocks. The building blocks can be 
immobilized on the surface of the slide through amide links between each building block and 
a support matrix. The immobilized building blocks can include, for example, combinations 
of 2, 3, 4, 5, or 6 building blocks. 

For convenience in limiting the number of slides handled, in this embodiment a set 
includes up to 200 building blocks, preferably 50-100, preferably about 80 (e.g., 81) building 
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blocks. For slides, suitable building blocks have general Formula 2, with REi being Bl, B2, 
B3, B4, B5, B6, B7, B8, or B9 and with RE 2 being Al, A2, A3, A4, A5, A6, A7, A8, or A9. 
This embodiment can include a group of slides with 1.7 million heterogeneous spots, each 
spot including 4 building blocks. 
5 In an embodiment, the one or more slides can include heterogeneous spots of building 

blocks made from combinations of a subset of the total building blocks and/or smaller groups 
of the building blocks in each spot. That is, each spot includes only, for example, 2 or 3 
building blocks, rather than 4 or 5. For example, the one or more slides can include the 
number of spots formed by combinations of a full set of building blocks (e.g. 81 of a set of 

10 8 1) in groups of 2 and/or 3. For example, the one or more slides can include the number of 
spots formed by combinations of a subset of the building blocks (e.g., 25 of the set of 81) in 
groups of 4 or 5. For example, the one or more slides can include the number of spots 
formed by combinations of a subset of the building blocks (e.g., 25 of the set of 81) in groups 
of 2 or 3. Should a candidate artificial receptor of interest be identified from the subset 

1 5 and/or smaller groups, then additional subsets and groups can be made or selected 

incorporating the building blocks in the candidates of interest or structurally similar building 
blocks. 

For example, Figure 7 illustrates that a single slide with the 3,240 n=2 derived 
combinations can be used to define a more limited set from the 8 1 building blocks. This 

20 defined set of e.g. 25 (defined from a 5x5 matrix of the n=2 results) can be used to produce 
an additional 2,300 n=3 derived and 12,650 n=4 derived combinations which can be probed 
to define the optimum receptor configuration. Further optimization can be pursued using 
ratios of the best building blocks which deviate from 1:1 followed by specific synthesis of 
the identified receptor(s). 

25 Building blocks can be coupled to supports using known methods for activating 

compounds of the types employed as building blocks and for coupling them to supports. For 
example, building blocks including activated esters can be coupled to supports including 
amine functional groups. A carboxyl group on a building block can be derivatized to form 
the activated ester. By way of fiirther example, building blocks including amine functional 

30 groups can be coupled to supports including carboxyl groups. Pairs of functional groups that 
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can be employed on building blocks and supports include amine and carboxyl (or activated 
carboxyl), thiol and maleimide, and the like. 

Individual or combinations of building blocks can be coupled to the supports in spots 
using conventional micro spotting techniques (e.g., piezoelectric, pin, and electromagnetic 
5 printers). Such spotting yields a microarray of spots of heterogeneous combinations of 
building blocks, each of which can be a candidate artificial receptor. As described herein 
above, each spot in a microarray includes a statistically significant number of each building 
block. 

The set of building blocks can be on any of the variety of known supports employed 
10 in combinatorial or synthetic chemistry (e.g., a microscope slide, a bead, a resin, a gel, or the 
like). Suitable supports include functionalized glass, such as a fiinctionalized slide or tube, 
glass microscope slide, glass plate, glass coverslip, glass beads, microporous glass beads, 
silica gel supports, and the like. As described hereinabove, a glass support can include a 
support matrix of silanating agent with functional groups suitable for coupling to a building 
15 block. For use in sets of building blocks, the support matrix functional groups can be 

pendant from the support in groups of one (e.g., as a lawn of amines or another functional 
group) or in groups of, for example, 2, 3, 4, 5, 6, or 7. The groups of a plurality of functional 
groups pendant from the support can be visualized as scaffold molecules pendant from the 
support. 

20 The surface of the support can be visualized as including a floor and the building 

blocks (Figures 3 A, 3B, and 4). Thus, the floor can be considered a feature of the candidate 
artificial receptor. In an embodiment, the candidate artificial receptor can include building 
blocks and unmodified amines of the floor. Such a candidate artificial receptor has an 
amine/ammonium floor. In an embodiment, the candidate artificial receptor can include 

25 building blocks and modified amines of the floor (e.g., the acetamide). 

Sets on Scaffolds 

In an embodiment, the present invention includes a scaffold molecule having coupled 
to it a plurality of building blocks. For example, the scaffold can be a polyamine, for 
30 example, a cyclic molecule with a plurality of primary amine groups around the ring. Such a 
scaffold can include a plurality of building blocks coupled to the amines. Such a scaffold can 
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be referred to as including heterogeneous building blocks. The scaffold can provide a 
density of building blocks sufficient to provide interactions of more than one building block 
with a ligand. The building blocks can be in proximity to one another. Evidence of 
proximity of different building blocks on a scaffold is provided by altered (e.g., tighter or 
5 looser) binding of a ligand to a scaffold with a plurality of building blocks compared to the 
scaffold with only one of the building blocks. The scaffold can be coupled to a support. 
Scaffolds can include functional groups for coupling to, for example, 2, 3, 4, 5, 6, or 7 
building blocks. 

A scaffold can be the support for an artificial receptor including a combination of 3, 

10 4, or more building blocks occupying distinct positions relative to one another on the 

scaffold. For example, building block 1 can be adjacent to any of building blocks 2, 3, or 4. 
This can be illustrated by considering the building blocks coupled to different functional 
groups on a scaffold. For example, Figure 8 illustrates positional isomers of 4 different 
building blocks at the vertices of a quadrilateral shaped scaffold. Scaffold positional isomer 

15 artificial receptors can be made, for example, on a scaffold with multiple functional groups 
that can be protected and deprotected by orthogonal chemistries. 

Such a scaffold positional isomer artificial receptor can provide a lead or working 
receptor with utility distinct from a solid support based receptor. For example, such a 
scaffold positional isomer can be evaluated and selected for optimal binding, then employed 

20 where an optimal receptor is required. The scaffold artificial receptor can be immobilized, 
for example, on a light fiber to provide a detectable signal or for any of the other applications 
described herein for working artificial receptors. 

A scaffold artificial receptor that has not been immobilized can be used in 
applications in which an antibody can be used, as a specific anticancer agent, to bind and 

25 immobilize/neutralize bloodstream components like cholesterol, cocaine or DDT, to bind and 
neutralize hazardous wastes, in the development of free solution analysis methods, e.g. 
fluorescence polarization immunoassay or molecular beacon based assays. Such free (not 
immobilized) scaffold artificial receptors can also be used for development of 
pharmaceuticals based on binding, e.g. application of scaffold receptors to block protein- 

30 protein interactions which are involved in cancer, the progression of AIDS, the development 
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of tuberculoses and malaria, the toxic effects produced by exposure to industrial chlorinated 
aromatics, and the like. 

In an embodiment, the scaffold artificial receptor is introduced into a subject (e.g., 
mouse, rat, dog, cat, horse, monkey, human, or the like) through, for example, injection, 
ingestion, gavage, suppository, inhalation, or the like. Once introduced, the scaffold artificial 
receptor can bind a compound of interest, such as cocaine, cholesterol, lead, DDT. Binding 
of the scaffold artificial receptor binding can target the bound material for detection, 
destruction, excretion, therapy, or the like. 

In an embodiment, the scaffold artificial receptor is contacted with an environmental 
matrix (e.g., water, soil, sediment) through, for example, mixing, spraying, injection, or the 
like. In the matrix, the scaffold artificial receptor binds a ligand of interest. For a ligand of 
interest that is a hazardous waste component, a hazardous waste mixture, a pollution 
component, a pollution mixture, or the like, binding to the scaffold artificial receptor can 
target the bound material for detection, destruction, or immobilization. 

In an embodiment, the scaffold artificial receptor is to a conjugated biological 
effector. Such a biological effector can be a toxin, a radioisotope chelate, or the like. The 
conjugate can be introduced into a subject. After introduction, the scaffold artificial receptor 
conjugate can interact with a ligand of interest that is associated with, for example, a disease 
causing microbe or a cancer cell. This interaction targets the conjugated toxin or 
radioisotope chelate to the disease causing microbe or cancer cell for the detection, therapy, 
destruction of the infectious agent or cancerous cell. 

In an embodiment, the scaffold artificial receptor is used in free solution analysis 
methods. For example a scaffold artificial receptor can include a fluorophore or molecular 
beacon. Binding of the scaffold artificial receptor conjugate to a ligand of interest or a 
sample containing a ligand of interest then produces fluorescence polarization or molecular 
beacon recombination which produces a signal which is related to the presence of the ligand 
of interest. 

In an embodiment, the scaffold artificial receptor can be used as a pharmaceutical, for 
example, for the treatment of cancer, infection, disease, or toxic effects. As a 
pharmaceutical, binding of the scaffold artificial receptor to a ligand of interest (e.g., on or in 
a cell or microbe) can block, for example, DNA replication, gene regulation, RN A 
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transcription, peptide synthesis. Such blocking can disrupt protein (e.g., enzyme) synthesis 
or modification, protein-protein interactions or the like. Such synthesis, modification, or 
interactions can be involved in cancer, HIV/AIDS, tuberculosis, malaria, or the toxic effects 
produced by exposure to industrial chlorinated aromatics or the like. Thus, the scaffold 

5 artificial receptor can treat these disorders. 

The scaffold molecule can be any of the variety of known molecular scaffolds 
employed in combinatorial research. Suitable scaffold molecules include those illustrated in 
Scheme 6. The compounds illustrated in Scheme 6 are either commercially available or can 
be made by known methods. For example, compounds 1, 2, 4, and 5 are commercially 

1 0 available from Aldrich. Compound 3 can be prepared by the method of Pattarawarapan 
(2000) (Pattarawarapan, M and Burgess, K, "A Linker Scaffold to Present Dimers of 
Pharmacophores Prepared by Solid-Phase Synthesis", Angew. Chem. Int. Ed., 39, 4299-4301 

(2000) ). Compound 6 can be made in the 0-NH2 form (shown) by the method of Kimura 

(2001) (Kimura, M; Shiba, T; Yamazaki, M; Hanabusa, K; Shirai, H and Kobayashi, N, 

15 "Construction of Regulated Nanospace around a Porphyrin Core", J. Am. Chem. Soc, 123, 
5636-5642 (2001)) and in the p-COOH (not shown) by the method of Jain (2000) (Jain, RK; 
Hamilton, AD (2000), "Protein Surface Recognition by Synthetic Receptors Based on a 
Tetraphenylporphyrin Scaffold", Org. Lett. 2, pp. 1721-1723). Compound 7 can be made in 
the -COOH form (shown) or in the -OH form (not shown) by the method of Hamuro (1997) 

20 (Hamuro, Y. et al., (Andrew Hamilton), "A Calixarene with four Peptide Loops: An 

Antibody Mimic for Recognition of Protein Surfaces", Angew. Chem. Int. Ed. Engl., 36, pp. 
2680-2683). Compound 8 can be used with three functional groups in the -NH2 form 
(shown), with four functional groups including both the -COOH and -NH2 groups (as 
shown), or as a dimer product with 6 -NH2 functional groups (not shown). Each of these 

25 forms of compound 8 can be made by the method of Opatz (2001) (Opatz, T; Liskamp, RM 
(2001), "A Selectively Deprotectable Triazacyclophane Scaffold for the Construction of 
Artificial Receptors", Org. Lett., 3, pp. 3499-3502). 
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Scheme 6 

Molecular Configurations in Combinations of Building Blocks 

Figure 1 1 schematically illustrates a molecular configuration of building blocks that 
can provide a region for binding for a small molecule ligand. Figure 1 1 illustrates that a 
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plurality of adjacent building blocks, each with a pendant and an equatorial recognition 
element, can form a cavity or other binding site. The binding site can be sized to serve as a 
receptor for, for example, a small molecule ligand of interest. Space filling molecular 
models of embodiments of building blocks can be envisioned to fit this schematic. 
5 Neighboring building blocks that are different from one another can provide diversity to the 
binding interactions available in the binding site. 

Figure 12 schematically illustrates a molecular configuration of building blocks that 
can provide a broad binding site with a large surface area. Figure 12 illustrates that a 
plurality of adjacent building blocks, each with two pendant lateral recognition elements, can 

10 form a broad binding site with a large molecular footprint. The broad binding site can serve 
as a receptor for, for example, a macromolecule ligand of interest, a cell, or a microorganism 
(e.g., a bacterium or a virus). Space filling molecular models of embodiments of building 
blocks can be envisioned to fit this schematic. Neighboring building blocks that are different 
from one another can provide diversity to the binding interactions available in the binding 

15 site. 

Figure 13 schematically illustrates a molecular configuration of building blocks 
arranged to form a protruding binding site, which can, for example, bind a test ligand with a 
cavity. Figure 13 illustrates that a plurality of adjacent building blocks, each with a pendant 
protruding recognition element, can form a protruding binding site. The protruding binding 

20 site can serve as a receptor for, for example, a macromolecule having an active or binding 
site. Space filling molecular models of embodiments of building blocks can be envisioned to 
fit this schematic. Neighboring building blocks that are different from one another can 
provide diversity to the binding interactions available in the binding site. The binding site 
can include recognition elements from 2 or more building blocks. 

25 Figure 8 illustrates that a molecular configuration of building blocks can form 6 

positional isomers. This illustration places the building blocks at corners of a square, but the 
same is true of 4 vertices of any quadrilateral. Candidate or lead artificial receptors having 
the structure of the different positional isomers can be made on a scaffold. 
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Embodiments of Sets as Reagents 

The present invention includes sets of building blocks as reagents. Reagent sets of 
building blocks can include individual or mixtures of building blocks. The reagent sets can 
be used to make immobilized building blocks and groups of building blocks, and can be sold 
5 for this purpose. In an embodiment, the set includes building blocks with recognition 

elements representing hydrophobic alkyl, hydrophobic aryl, hydrogen bond acceptor, basic, 
hydrogen bond donor, and small size as structural characteristics. For example, the set can > 
include building blocks of general Formula 2, with RE| being Bl, B2, B3, B4, B5, B6, B7, 
B8, or B9 and with RE2 being Al, A2, A3, A4, A5, A6, A7, A8, or A9. In an embodiment of 

1 0 the set, REi can be B 1 , B3, B6, or B8 and RE2 can be A2, A4, A5, or A9. In an embodiment 
of the set, REi can be B2, B4, or B6 and RE2 can be A2, A4, or A6. In an embodiment of the 
set, REi can be B2, B4, B6, or B8 and RE2 can be A2, A4, A6, or A8. In an embodiment of 
the set, REi can be Bl, B2, B4, B6, or B8 and RE 2 can be Al, A2, A4, A6, or A8. In an 
embodiment of the kit, RE, can be Bl, B2, B3, B4, B5, B6, B7, B8, or B9 and RE 2 can be 

15 Al, A2, A3, A4, A5, A6, A7, A8, or A9. The building blocks can include as L 

(CH2) n COOH, with n=l-16, preferably n=2-8, preferably n=4-6, preferably n=3, or an 
activated form of L, for example, an activated ester. 

The set can be part of a kit including containers of one or mixtures of building blocks, 
the containers can be in a package, and the kit can include written material describing the 

20 building blocks and providing instructions for their use. 

The present invention may be better understood with reference to the following 
examples. These examples are intended to be representative of specific embodiments of the 
invention, and are not intended as limiting the scope of the invention. 

25 EXAMPLES 
Example 1 - Synthesis of Building Blocks 

Selected building blocks representative of the alkyl-aromatic-polar span of the entire 
building block grid of Table 2 (above) were synthesized for demonstrating effectiveness of 
these building blocks for making candidate artificial receptors. These building blocks were 
30 made on a framework of general Formula 2, specifically tyrosine, and included recognition 
element pairs A2B2, A4B4, and A6B6. These recognition element pairs were selected along 
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the diagonal of Table 2, and include enough of the range from alkyl, to aromatic, to polar to 
represent a significant degree of the interactions and functional groups of the full set of 81 
such building blocks. 

This selected group of building blocks (N=3) was employed to demonstrate synthesis, 
5 candidate artificial receptor array preparation, and detection of lead artificial receptors. 

Synthesis 

Building block synthesis employed a general procedure outlined in Scheme 7, which 
specifically illustrates synthesis of a building block of general Formula 2 on a tyrosine 
10 framework with recognition element pair A4B4. This general procedure was employed for 
synthesis of building blocks of general Formula 2, with a tyrosine framework and recognition 
element pairs A2B2, A4B4, and A6B6, the structures of which are shown in Scheme 8. 
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Scheme 7 
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Scheme 8 



This general procedure was also employed for synthesis of building blocks of general 
5 Formula 2, with a linker, tyrosine framework, and recognition element pairs A4B2 and 
A4B6, the structures of which are shown in Scheme 9. These two building blocks can be 
referred to as TyrA4B2 and TyrA4B6, respectively. Building blocks TyrA4B2 and TyrA4B6 
where readily prepared from the 4-X BOC intermediate by the method of Scheme 10. 
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Scheme 10 



Results 

Synthesis of the desired building blocks proved to be generally straightforward. 
These syntheses illustrate the relative simplicity of preparing the building blocks with 2 
recognition elements having different structural characteristics or structures (e.g. A4B2, 
A6B3, etc.) once the building blocks with corresponding recognition elements (e.g. A2B2, 
A4B4, etc) have been prepared via their X BOC intermediate. 1 

Synthesis of a building block of general Formula 2 on a tyrosine framework with 
recognition element pair A4B4 proceeded as illustrated in Scheme 7 to yield the quantities of 
intermediates and product listed on Table 3. 
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TABLE 3 



- Synthesis Data for Building Block TyrA4B4. 



Intermediate 



15 



20 



25 



35 



40 



c 

J 


or Product 


Tine 


vict r» 
YlbLU 






A4-X BOC 


710 mg 
8.20 g 


74% 
80% 


YIELD from TYR-BOC 
(2 synthetic steps) 


10 


A4B4 ESTER 


157 mg 
1.26 g 


56% 
46% 


YIELD from A4-X BOC 
(2 synthetic steps) 




TyrA4B4 


75 mg 
840 mg 


79% 
88% 


YIELD from A4B4 ESTER 



Structures of the two intermediates and of building block TyrA4B4 were verified by proton 
NMR. 

This scheme has also been used to synthesize building blocks TyrA2B2, TyrA4B4, 
TyrA6B6, TyrA4B2, and TyrA4B6 with the results shown in Table 4: 



TABLE 4 



Synthesis Data for Building Blocks TyrA2B2, TyrA4B2, TyrA4B6, and 
TyrA6B6. 

Intermediate 



TyrA2B2 



30 TyrA4B2 
TyrA4B6 
TyrA6B6 



or Product 


TARE 


YIELD 


A2-X BOC 


3.04 g 


68% 


A2B2 ESTER 


697 mg 


88% 


TyrA2B2 


163 mg 


87% 


A4B2 ESTER 


321 mg 


65% 


TyrA4B2 


172 mg 


91% 


A4B6 ESTER 


173 mg 


37% 


TyrA4B6 


75 mg 


80% 


A6-X BOC 


3.11 g 


71% 


A6B6 ESTER 


436 mg 


45% 


TyrA6B6 


44 mg 


47% 



Summary NMR Data 

NMR conditions were 300 MHz in a solvent mixture of deuterochloroform /d- 
methanol. 
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TyrA2B2 



O R2 




c1.2 



2-Xt-BOC Rl: -isobutyl R2: t-BOC R3: linker ester 

0.82 (m, 6H, c\ -CH(CH 3 ) 2 ); 1.27 (t, 3H, e", -O-CH2-CH3); 1.40 (s, 9H, t-BOC -C(CH3) 3 ); 
1.68 (m, 1H, b\ -CH(CH 3 ) 2 ); 2.09 (m, 2H, b", -C(0)-CH 2 -CH2-CH2-0-); 2.52 (t, 2H, c", - 
C(0)-CH2-CH2-CH2-0-); 2.82-3.06 (m, 4H, a' and ci,2, ABX); 4.00 (t, 2H, a", -C(0)-CH2- 
CH2-CH2-O-); 4.15 (q, 3H, d", -O-CH2-CH3); 4.21 (m, 1H, d, ABX); 4.26 (br S, 1H, Rl 
amide); 6.82 (d, 2H, J=8.6Hz, a); 7.10 (d, 2H, J=8.6Hz, b). 




ci.2 



2-2R3-ester Rl: -isobutyl R2: -cyclopentyl R3: linker ester 

0.82 (m, 6H, c\ -CH(CH3)2); 1.04-1.09 (m, 2H, cyclopentyl); 1.27 (t, 3H, e", -O-CH2- 
CH3); 1.45-1.75 (m, 10H, B, cyclopentyl, b\ -CH(CH3)2); 2.08 (m, 2H, b", -C(0)-CH2- 
CH2-CH2-O-); 2.18 (t, 2H, A); 2.52 (t, 2H, c", -C(0)-CH2-CH 2 -CH 2 -0-); 2.79-3.05 (m, 4H, 
a' and C!,2, ABX); 3.98 (t, 2H, a", -C(0)-CH2-CH 2 -CH2-0-); 4.15 (q, 3H, d", -O-CH2- 
CH3); 4.54 (m, 1H, d, AB29; 4.75 (br S, 2H, Rl and R2 amide); 6.81 (d, 2H, J=8.6Hz, a); 
7.12 (d, 2H, J=8.8Hz, b). 

[2-2] R3-COOH Rl: -isobutyl R2: -cyclopentyl R3: linker -COOH 

0.82 (m, 6H, c\ -CH(CH3) 2 ); 1.03-1.08 (m, 2H, cyclopentyl); 1.46-1.73 (m, 10H, B, 
cyclopentyl, b\ -CH(CH 3 ) 2 ); 2.08 (m, 2H, b", -C(0)-CH 2 -CH2-CH 2 -0-); 2.16 (t, 2H, A); 
2.51 (t, 2H, c", -C(0)-CH2-CH 2 -CH2-0-); 2.80-3.04 (m, 4H, a' and ci,2, ABX); 3.99 (t, 2H, 
a", -C(0)-CH 2 -CH2-CH2-0-); 4.54 (m, 1H, d, AB29; 4.68 (br S, 2H, Rl and R2 amide); 
6.82 (d, 2H, J=8.6Hz, a); 7.12 (d, 2H, J=8.6Hz, b). 
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TyrA4B2 




4-2 R3-ester Rl: -methoxyphenyl R2: -cyclopentyl R3: linker ester 
5 1 .03-1 .08 (m, 2H, cyclopentyl); 1 .26 (t, 3H, e", -O-CH2-CH3); 1 .45-1 .73 (m, 9H, B, 

cyclopentyl); 2.09 (m, 2H, b", -C(0)-CH 2 -CH2-CH2-0-); 2.17 (t, 2H, A); 2.52 (t, 2H, c", - 
C(0)-CH2-CH 2 -CH2-0-); 2.61-2.68 (m, 2H, b\ -CH 2 -CH2-phenyl); 2.77-3.02 (m, 2H, Cl,2, 
ABX); 3.26-3.44 (m, 2H, a', -CH2-CH2-phenyl); 3.78 (s, 3H, phenyl-OCH3); 3.98 (t, 2H, 
a", -C(0)-CH2-CH2-CH2-0-); 4.14 (q, 3H, d", -O-CH2-CH3); 4.50 (m, 1H, d, ABX); 4.62 
10 (br S, 2H, Rl and R2 amides); 6.81 (d, 2H, a); 6.82 (d. 2H, J=8.8Hz, d'); 7.04 (d, 2H, 
J=8.6Hz, b); 7.08 (d, 2H, J=8.6Hz, c'). 

[4-2] R3-COOH Rl: -methoxyphenyl R2: -cyclopentyl R3: linker -COOH 
1.04-1.08 (m, 2H, cyclopentyl); 1.43-1.73 (m, 9H, B, cyclopentyl); 2.08 (m, 2H, b", -C(O)- 
1 5 CH2-CH2-CH2-O-); 2. 1 7 (t, 2H, A); 2.50 (t, 2H, c", -C(0)-CH2-CH2-CH2-0-); 2.62-2.68 

(m, 2H, b\ -CH 2 -CH2-phenyl); 2.77-3.02 (m, 2H, ci,2, ABX); 3.24-3.44 (m, 2H, a', -CH2- 
CH 2 -phenyl); 3.78 (s, 3H, phenyl-OCH3); 3.99 (t, 2H, a", -C(0)-CH2-CH 2 -CH2-0-); 4.49 
(m, 1H, d, ABX); 6.80-6.85 (m, 4H, a and d'); 7.03-7.09 (m, 4H, b and c'). 

20 Tyr A4B4 




d* 

4-Xt-BOC Rl: -methoxyphenyl R2: t-BOC R3: linker ester 

1.26 (t, 3H, e", -O-CH2-CH3); 1.39 (s,9H, t-BOC -C(CH3)3); 2.09 (m, 2H, b", -C(0)-CH2- 

25 CH2-CH2-O-); 2.5 1 (t, 2H, c", -C(0)-CH2-CH2-CH2-0-); 2.63-2.67 (m, 2H, b', -CH2-CH2- 
phenyl); 2.86-2.93 (m, 2H, C1.2, ABX); 3.24-3.47 (m, 2H, a', -CH2-CH2-phenyl); 3.79 (s, 
3H, phenyl-OCH3); 3.98 (t, 2H, a", -C(0)-CH2-CH2-CH2-0-); 4.15 (m, 3H, d", -O-CH2- 
CH3 and d, ABX); 4.26 (br S, 1H, Rl amide); 6.80-6.83 (m,4H, a and d'); 7.03 (d, 2H, 
J=8.2Hz, b); 7.08 (d, 2H, J=8.6Hz, c'). 
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d' 



4-4 R3-ester Rl: -methoxyphenyl R2: -cinnamic R3: linker ester 
1.25 (t, 3H, e", -O-CH2-CH3); 2.08 (m, 2H, b", -C(0)-CH2-CH2-CH2-0-); 2.51 (t, 2H, c", - 
C(0)-CH2-CH2-CH2-0-); 2.63-2.67 (m, 2H, b\ -CH2-CH2-phenyl); 2.95-3.01 (m, 2H, ci,2, 
5 ABX); 3.27-3.46 (m, 2H, a', -CH2-CH2-phenyl); 3.73 (s, 3H, phenyl-OCH3); 3.97 (t, 2H, 
a", -C(0)-CH2-CH2-CH2-0-); 4.13 (q, 3H, d", -O-CH2-CH3); 4.58 (br S, 2H, Rl and R2 
amides); 4.62 (m, 1H, d, ABX); 6.55 (d, 1H, J=15.9Hz, A, -CH=CH-phenyl); 6.78-6.83 
(m,4H, a and d'); 7.03 (d, 2H, J=8.6Hz, b); 7.12 (d, 2H, J=8.6Hz, c'); 7.37-7.39 (m, 3H, 
C,E); 7.52-7.57 (m, 3H, B -CH=CH-phenyl and D). 

10 

[4-4] R3-COOH Rl: -methoxyphenyl R2: -cinnamic R3: linker -COOH 
2.09 (m, 2H, b", -C(0)-CH2-CH2-CH2-0-); 2.50 (t, 2H, c", -C(0)-CH2-CH2-CH2-0-); 
2.63-2.67 (m, 2H, b\ -CH2-CH2-phenyl); 2.95-3.01 (m, 2H, ci,2, ABX); 3.32-3.42 (m, 2H, 
a', -CH2-CH2-phenyl); 3.74 (s, 3H, phenyl-OCH3); 3.98 (t, 2H, a", -C(0)-CH2-CH2-CH2- 
15 0-); 4.46 (br S, 2H, Rl and R2 amides); 4.61 (m, 1H, d, ABX); 6.53 (d, 1H, J=l 5.9Hz, A, - 
CH=CH-phenyl); 6.78-6.83 (m,4H, a and d'); 7.03 (d, 2H, J=8.4Hz, b); 7.12 (d, 2H, J=8.4Hz, 
c'); 7.37-7.42 (m, 3H, C,E); 7.51-7.58 (m, 3H, B -CH=CH-phenyl and D). 

Tyr A4B6 




4-6R3-ester Rl: -methoxyphenyl R2: -thioether R3: linker ester t 
1.26 (t, 3H, e", -O-CH2-CH3); 1.97 (s, 3H, B, -S-CH3); 2.09 (m, 2H, b", -C(0)-CH2-CH2- 
CH2-O-); 2.52 (t, 2H, c", -C(0)-CH2-CH2-CH2-0-); 2.63-2.69 (m, 2H, b\ -CH2-CH2- 
25 phenyl); 2.83-3.06 (m, 2H, ci,2, ABX); 3. 1 1 (d, 2H, J=3.7Hz, A, -C(0)-CH2-S-); 3.27-3.48 
(m, 2H, a', -CH2-CH2-phenyl); 3.79 (s, 3H, phenyl-OCH3); 3.98 (t, 2H, a", -C(0)-CH2- 
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CH2-CH2-O-); 4.14 (q, 3H, d", -O-CH2-CH3); 4.51 (m, 1H, d, ABX); 4.55 (br S, 2H, Rl 
and R2 amides); 6.80-6.84 (m, 4H, a and d'); 7.05 (d, 2H, J=8.6Hz, b); 7. 10 (d, 2H, J=8.6Hz, 
c ')- 

5 [4-6] R3-COOH Rl: -methoxyphenyl R2: -thioether R3 : linker -COOH 

1.96 (s, 3H, B, -S-CH3); 2.03-2.10 (m, 2H, b", -C(0)-CH2-CH2-CH2-0-); 2.50 (t, 2H, c", - 
C(0)-CH2-CH2-CH2-0-); 2.64-2.70 (m, 2H, b\ -CH2-CH2-phenyl); 2.82-3.05 (m, 2H, ci,2, 
ABX); 3. 1 1 (d, 2H, J=4.2Hz, A, -C(0)-CH2-S-); 3.30-3.45 (m, 2H, a', -CH2-CH 2 -phenyl); 
3.79 (s, 3H, phenyl-OCHj); 3.99 (t, 2H, a", -C(0)-CH2-CH2-CH2-0-); 4.51 (m, 1H, d, 
10 ABX); 6.81-6.84 (m, 4H, a and d'); 7.05-7.1 1 (m, 4H, b and c'). 

Tyr A6B6 




d,2 



6-Xt-BOC Rl: -ether R2: t-BOC R3: linker ester 

1.27 (t, 3H, e", -O-CH2-CH3); 1.40 (s, 9H, t-BOC -C(CH3)3); 2.10 (m, 2H, b", -C(0)-CH2- 
CH2-CH2^0-); 2.52 (t, 2H, c", -C(0)-CH2-CH2-CH2-0-); 2.85-3.01 (m, 2H, ci,2, ABX); 
3.28-3.42 (m, 4H, a' and b'); 3.30 (s, 3H, c\ -OCH3); 3.98 (t, 2H, a", -C(0)-CH 2 -CH 2 -CH2- 
20 0-); 4.08 (br S, 1H, Rl amide); 4.15 (q, 3H, d", -O-CH2-CH3); 4.22 (m, 1H, d, ABX); 6.82 
(d, 2H, J=8.6Hz, a); 7.10 (d, 2H, J=8.6Hz, b). 




25 6-6R3-ester Rl : -ether R2: -thioether R3: linker ester 

1.27 (t, 3H, e", -O-CH2-CH3); 1.99 (s, 3H, B, -S-CH3); 2.09 (m, 2H, b", -C(0)-CH2-CH2- 
CH2-O-); 2.52 (t, 2H, c", -C(0)-CH2-CH2-CH2-0-); 2.87-3.10 (m, 2H, ci.2, ABX); 3.13 (d, 
2H, J=4.6Hz, A, -C(0)-CH2-S-); 3.29-3.44 (m, 4H, a' and b'); 3.33 (s, 3H, c\ -OCH3); 3.99 
(t, 2H, a", -C(0)-CH2-CH2-CH2-0-); 4.15 (q, 3H, d", -O-CH2-CH3); 4.55-4.60 (m, 1H, d, 

30 ABX); 4.57 (br S, 2H, Rl and R2 amide); 6.82 (d, 2H, J=8.6Hz, a); 7.13 (d, 2H, J=8.6Hz, b). 

[6-6] R3-COOH Rl: -ether R2: -thioether R3: linker -COOH 
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1.98 (s, 3H, B, -S-CH3); 2.08 (m 3 2H, b", -C(0)-CH2-CH2.CH 2 -0-); 2.51 (t, 2H, c", -C(O)- 
CH2-CH2-CH2-O-); 2.86-3.10 (m, 2H, ci,2, ABX); 3.13 (d, 2H, J=4.8Hz, A, -C(0)-CH2-S-); 
3.28-3.44 (m, 4H, a' and b'); 3.33 (s, 3H, c\ -OCH3); 3.99 (t, 2H, a", -C(0)-CH 2 -CH 2 -CH2- 
0-); 4.55-4.60 (m, 1H, d, ABX); 6.83 (d, 2H, J=8.8Hz, a); 7.14 (d, 2H 3 J=8.4Hz, b). 

5 

Example 2 - Preparation of Candidate Artificial Receptors 

The comparatively small numbers of candidate artificial receptors made from 
combinations of 3 or 5 building blocks were prepared in 12x75 borosilicate glass test tubes. 
The inner surface of the tube was modified using standard glass derivatization chemistry. 
10 The modified tubes were convenient vessels for the test ligand binding experiments. 

The three tyrosine framework building blocks TyrA2B2, TyrA4B4, and TyrA6B6 
resulted in three receptors homogeneous in building block (A2B2, A4B4, and A6B6), three 
receptors heterogeneous in building block and containing two building blocks (A2B2 plus 
A4B4, A2B2 plus A6B6, and A4B4 plus A6B6), and one receptor heterogeneous in building 
1 5 block and containing three building blocks (A2B2 plus A4B4 plus A6B6). 

Preparation of Amino-Glass 

The first step in the tube or other glass derivatization process was to covalently 
immobilize a pendant functional group on the glass surface. The reaction of an aminoethyl 
20 silicon reagent with the glass was a straightforward method for the introduction of a pendant 
amine which was subsequently used for receptor preparation (Figure 5). Amine modification 
was accomplished by the protocol of Schreiber (MacBeath et al. (1999) J. Am. Chem. Soc, 
121 , 7967-7968). 

Briefly, tubes were soaked in water for 1-2 hr then drained for 30-60 min. The tubes 
25 are then treated overnight with "Piranha" solution: 70/30 (v/v) cone. H 2 SO 4 /30% H 2 0 2 . 

Each 12x75 received about 0.6 mL of this solution and was loosely covered with aluminum 
foil. The next day, the solution was decanted and the tubes were rinsed with water and 
drained. The tubes were then treated with amino silane solution. The tubes were filled with 
0.5 mL of a solution of 3% amino silane in 95% ethanol, covered with foil, and allowed to 
30 stand for 60 min. The solution was decanted. The tubes were rinsed with ethanol, drained, 
and then heated at 125 °C for 60 min. The tubes were rinsed again with ethanol, drained, and 
allowed to dry overnight. 
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Evaluation of Amino-Glass 

The load of amine on the glass surface was determined by the method provided by 
Pierce Chemical Co. as modified by Schreiber (MacBeath et al. (1999) supra). The method 
5 was further modified to include THF/H2O washes to remove non-covalently bound label. 
This method, including the additional step, gave consistent semi-quantitative results. 

Briefly, the method employed in these studies included adding to the amino tubes 
about 2 ml of pH 8.5 NaHCC>3 (4.20 grams of NaHCC>3 per liter) and soaking for 5 min. The 
bicarbonate solution was decanted and the tubes drained. The tubes were then reacted with 

10 an SDTB (Pierce) labeling solution (SDTB in HPLC grade DMF and pH 8.5 NaHC0 3 ). The 
solution was made and immediately added to the tubes, which then were shaken for 30-45 
min. The solution was decanted and the tubes were washed repeatedly with water and THF 
and then water. After addition of 1 mL of 30% perchloric acid, OD at 498 nm was read. A 
load of 2 amines per square nm gives an OD of 0.07 for 12x75 mm tubes. 

15 Over several batches of tubes (about 1000 tubes), loading of about 2.3 amines per 

square nm was achieved. Such amine loads were well within the densities required for these 
studies. 

Preparation of Candidate Artificial Receptors 

20 Functionalization of the amine modified glass surface was accomplished by reaction 

with activated carboxyl derivatives to form the amide (see, e.g., Figure 5). This reaction 
employed the linker carboxyl in certain embodiments of the building blocks, e.g., certain 
embodiments having Formula 2. 

In the present example, coupling of linker carboxyl containing building blocks to the 

25 amine support matrix was conducted generally according to established methods for coupling 
carboxyl containing compounds to amines on supports (the Pierce method (Pierce Chemical 
Co.) as described by Schreiber (MacBeath et al. (1999) supra)). The building block linker 
carboxyl group was activated by reacting the building block with carbodiimide in thet 
presence of sulfo N-hydroxysuccinimide in aq. DMF solution. After overnight activation of 

30 the carboxyl to the sulfoNHS activated ester, the building block was reacted directly with the 
amino glass. Coupling combinations of building blocks to the amino-glass was 
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accomplished by premixing of activated building blocks prior to addition to the amino tube. 
Support matrix amines not reacted with building block were acetylated by the same general 
method. 

Briefly, building block amide and other glass supports were prepared by adding to 
amino-glass tubes 2 mL of pH 8.5 NaHCC>3 for 10 min. The tubes were decanted and 
drained. Activated building block(s) or acetic anhydride were dissolved in DMF/ pH 8.5 
NaHC(>3 and added to the amino-glass tubes. The tubes were shaken for 60 min, decanted, 
and washed with aq. THF and/or water. The tubes were used immediately and also after 
drying and storage. Activated carboxyl groups were typically in more than 50-fold excess 
over amines. 

Derivatized tubes prepared by this procedure included those listed in Table 5. 

Table 5 « Summary of Amide Tubes Prepared. 
TUBE DESCRIPTION 
-NH2 pendant amine 

-Ac acetamide 

-22 Homogeneous immobilized building block TyrA2B2 

-44 Homogeneous immobilized building block TyrA4B4 

-66 Homogeneous immobilized building block TyrA6B6 

-22/44 Candidate artificial receptor TyrA2B2 plus TyrA4B4 (building block 

heterogeneous) 

-22/66 Candidate artificial receptor TyrA2B2 plus TyrA6B6 (building block 

heterogeneous) 

-44/66 Candidate artificial receptor TyrA4B4 plus TyrA6B6 (building block 

heterogeneous) 

-22/44/66 Candidate artificial receptor TyrA2B2, TyrA4B4, plus TyrA6B6 (building 
block heterogeneous) 

Building block incorporation was determined as described above for evaluation of 
amino-glass. This evaluation indicated that the amide forming reaction produced candidate 
artificial receptors including substantial amounts of building block, for example, 30 to 80 % 
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of the amines were derivatized by building block. As shown below, binding to the candidate 
artificial receptor was observed when 30% or more of amines were derivatized with building 
block. 



5 Example 3 - Screening Test Ligands Against Candidate artificial receptors Made From 
3 Building Blocks 

In this example, candidate artificial receptors were tested for their ability to bind to 
test ligands. The test ligands were coupled horseradish peroxidase (HRP). Conjugates of test 
ligand with HRP were readily prepared by known methods, were stable in solution, and were 
10 detected in picogram quantities. 

Materials and Methods 
Preparation of Labeled Test Ligand 

Conjugates of HRP and test ligand were prepared by first modifying HRP to 

15 incorporate additional pendant amine groups. Briefly, EIA grade HRP (e.g., SIGMA P- 
6782) was dissolved in water and oxidized with NaI04 at about 4 °C in the dark or in 
subdued light. The oxidized HRP was subjected to gel filtration chromatography (e.g., 
SEPHADEX® G-25 equilibrated with 100 mM pH 9.4 borate buffer). The resulting solution 
of oxidized HRP was reacted with ethylene diamine dihydrochloride for about 30 min. at 4 

20 °C. The derivatized HRP was then reduced with NaBRj to yield amine derivatized HRP 

(amino-HRP). The amino-HRP was then dialyzed against the borate buffer for about 8 hours 
with a single change of dialysis solution. 

Then, the amino-HRP was further modified to form amide links to the test ligand. 
Briefly, a carboxyl group containing derivative of the test ligand was converted to an 

25 activated ester using the method described above for building blocks. The activated test 
ligand and the amino-HRP were reacted overnight with eventual addition of 10-100 fold 
excess of activated test ligand to amines on the amino-HRP. The conjugate of test ligand 
with HRP (HRP-ligand conjugate) was purified by gel filtration chromatography and/or 
dialysis, as described above. These conjugates were stored at 4 °C in PBS solution with 20 \i\ 

30 Tween-20 added per liter of PBS. Analyte load was determined by the UV/Vis absorbance 
of the analyte and/or by amine loss. 
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Figure 14 illustrates HRP (Formula HI), HRP derivatives (Formulas H2 and H3), and 
conjugates of test ligand and HRP (Formulas H4, H5, and H6) that have been made for and 
used in these examples. HRP has a molecular weight of 40,000 and 2 free amines in its 
native form. Native HRP was oxidized to form amine HRP with about 20 amino groups on 
its surface. Amide derivatives of amino HRP were formed by reacting the amino HRP with a 
anhydride or acid chloride. Preferred amide HRPs include the acetamide derivative. HRP 
test ligand conjugates were formed, for example, by reacting amine HRP with an activated 
ester form of a test ligand. 

Evaluating Binding of Test Ligands to Candidate Artificial Receptors 

Candidate artificial receptors were prepared as described in Example 2. Binding of 
test ligand to candidate artificial receptors was evaluated by the following procedure. 
Briefly, one or more tubes, each containing a candidate artificial receptor, were rinsed with 
PBS, decanted, and drained. PBS (250 p.1) was added to the tube, HRP-ligand conjugate was 
added (20 |il), and the candidate artificial receptors were incubated at room temperature for 
the desired time, for example, 30 min or longer. The 20 \il aliquot of HRP conjugate 
typically included a concentration of 1.0 ng/ml, 0.1 fig/ml, and/or 0.01 fig/ml of the 
conjugate. This concentration in the aliquot is referred to as the test concentration and is 
shown on Figures. The tubes were decanted, rinsed twice with PBS, rinsed with water, 
decanted, and drained. Then color was developed with an HRP substrate, for example, the 
HRP chromogen (source: BioFX Corp.). Typically, 450 |xl of substrate was added and the 
tubes were incubated for 15 min. Then, the chromogen solution was quickly transferred to a 
clean test tube and 600 \xl of stop solution (0. 1 N HC1) was added. The stopped tubes were 
read at 450 nm. 

The receptor tubes, which were not exposed to the strongly acidic stop solution, were 
prepared for reuse in subsequent experiments by rinsing with water and with PBS, followed 
by addition of 2 ml PBS. The tubes were soaked with buffer and rinsed as needed to remove 
the bound HRP-ligand conjugate. 
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Results and Discussion 
Experiment 1: 

Experiment 1 demonstrated at least that: 

a) the relative binding of a particular HRP-ligand conjugate was consistently 
5 reproduced over a series of tube preparations and over a period of several weeks; 

b) that HRP-ligand conjugates gave differential responses to simple 
floor/receptor surfaces; 

c) the nature of the floor played a role in binding. 

The differential response to simple floor/receptor surfaces is illustrated by the data 
10 presented in Table 6. The data in the last two rows of this table demonstrate that the nature 
of the group derivatizing remaining amines (those not reacted with building block) affected 
binding to a candidate receptor. In this experiment, the test ligand bound better to the 
building block with free amine on the "floor" compared to building block with acetamide 
floor. 



Table 6 - Test Ligand Binds Better to an Immobilized Building Block than to Floor Surfaces 



Test Ligand, 1.0 ug/ml 
(as ligand-HRP conjugate) 


Tube or Building Block 


OD (std dev) 


Acetate 


bare amino tube 


0.14 (0.03) 


Acetate 


acetylated amino tube 


0.05 (0.03) 


Acetate 


TyrA4B4 


>2.8 


TCDD 


bare amino tube 


1.65 (0.39) 


TCDD 


acetylated amino tube 


0.11(0.09) 


TCDD 


TyrA4B4 


>2.8 


TCDD 


TyrA4B4 with acetylated 
floor 


0.77 



Experiment 2: 

Experiment 2 demonstrated at least that: 
20 a) Receptor binding was sensitive to both the structure and the concentration of 

the HRP derivative. 

b) The HRP moiety was not a significant factor in the observed binding patterns. 
Binding of the HRP-NH-Ac control was minimal with respect to test ligand binding 

c) Binding was controlled by both kinetic and thermodynamic factors. 
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d) Simple partition coefficient driven equilibria were not responsible for the 
observed test ligand binding to the inventive candidate artificial receptors. 

e) An unknown sample containing a test ligand can be identified by its distinct 
binding pattern. 

In Experiment 2, six test ligands (as ligand-HRP conjugates) were tested against 4 
candidate artificial receptors, 3 homogenous immobilized building blocks, acetylated amino- 
glass, and amino-glass. The results of Experiment 2 are illustrated in Figures 15-18. 

Figure 15 illustrates bar charts of the binding pattern comparison for native HRP, 
acetylated-HRP, and the TCDD derivative of amino-HRP. The values in Figure 15 were 
taken from the mean values listed in Table 6. This Figure illustrates binding of this test 
ligand and these control HRP derivatives to amino-glass, to acetylated amino-glass, to each 
of homogeneous immobilized building blocks TyrA2B2, TyrA4B4, and TyrA6B6, and to 
candidate artificial receptors TyrA2B2 plus TyrA4B4; TyrA2B2 plus TyrA6B6; TyrA4B4 
plus TyrA6B6; and TyrA2B2, TyrA4B4, plus TyrA6B6. The HRP derivatives were tested at 
1 ^ig/ml (20 \iL of which includes only 20 ng of HRP, or picomole amounts of the test ligand) 
against the suite of 9 control, building block, and receptor surfaces. In this experiment OD 
values were linear up to about 2.4 and then increased non-linearly. 

Note that these data are consistent with the results of Experiment 1 and extend those 
first results to demonstrate that receptor binding was sensitive to both the structure and the 
concentration of the HRP derivative. The results illustrated in Figure 15, which include the 
binding pattern for native HRP, also demonstrate that the HRP moiety was not a significant 
factor in the observed binding patterns when compared to the binding of a ligand-HRP 
conjugate, e.g. HRP-NH-34K, HRP-NH-ETU, or HRP-NH-TCDD. 

Binding of the HRP moiety, which was used as the binding screen label, to candidate 
receptors would cause false positives. Figure 15 illustrates that native HRP did not show 
significant non-specific binding to either the control or candidate receptor tubes at the highest 
concentration of HRP used for these studies. 

Figure 16 illustrates bar charts showing the reproducibility of the binding pattern for 
amino-HRP to amino-glass, to acetylated amino-glass, to each of homogeneous immobilized 
building blocks TyrA2B2, TyrA4B4, and TyrA6B6, and to candidate artificial receptors 
TyrA2B2 plus TyrA4B4; TyrA2B2 plus TyrA6B6; TyrA4B4 plus TyrA6B6; and TyrA2B2, 
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TyrA4B4, plus TyrA6B6. Figure 16 illustrates that both the relative binding OD and binding 
pattern were consistent over a triplicate screen of HRP-NH2 versus the 9 control, building 
block, and receptor surfaces. The data illustrated in Figure 16 show that pattern of relative 
OD values for each homogeneous immobilized building block or receptor was essentially the 
5 same between the trials. The following order was observed from highest to lowest OD: 1 ) 
TyrA4B4; 2-4) amino glass TyrA2B2, and TyrA2B2 plus TyrA4B4; 5-6) TyrA4B4 plus 
TyrA6B6, and TyrA2B2, TyrA4B4 plus TyrA6B6; 7-9) acetylated amino glass, TyrA6B6, 
and TyrA2B2 plus TyrA6B6. 

Figure 17 illustrates bar charts of the binding pattern comparison for native HRP, 

10 amino-HRP, the 34K derivative of amino-HRP (Formula H4), the TCDD derivative of 
amino-HRP (Formula H6), and the ETU derivative of amino-HRP (Formula H5). These 
were tested at 1 jxg/ml, 0.1 ^ig/ml, and 0.01 \ig/m\. This Figure illustrates binding of this test 
ligand and these control derivatives to amino-glass, to acetylated amino-glass, to each of 
homogeneous immobilized building blocks TyrA2B2, TyrA4B4, and TyrA6B6, and to 

1 5 candidate artificial receptors TyrA2B2 plus TyrA4B4; TyrA2B2 plus TyrA6B6; TyrA4B4 
plus TyrA6B6; and TyrA2B2, TyrA4B4, plus TyrA6B6. The results shown in Figure 17 
demonstrate observed concentration dependent binding, which reflected the different binding 
affinities of the receptor surfaces for the test ligands and differential patterns of binding to 
the control, building block, and receptor surfaces by the test ligands. 

20 The target screen was based on the binding of HRP labeled test ligand. Binding of 

the HRP-NH-Ac derivative should be minimal with respect to binding of HRP-test ligand 
conjugate to give the best signal for target binding. As illustrated by the data for HRP-NH- 
Ac (0.1X concentration) compared to the HRP-NH-34K, ETU, TCDD conjugates (Figure 
17), the binding of the HRP-NH-Ac control was minimal with respect to test ligand binding. 

25 Figure 1 8 illustrates bar charts of the binding pattern comparison for the ETU 

derivative of amino-HRP (Formula H5) using two different protocols for determining 
binding. In the kinetic protocol, the HRP conjugate at 0. 1 and 0.01 |Xg/ml was added to the 
tube, incubated, then decanted. The tubes were rinsed and HRP chromogen was developed 
within about 30 min of adding ligand to receptor. In the thermodynamic protocol, HRP 

30 conjugate at 1 jig/ml and was added to the tube and decanted after incubation. Then the tube 
was rinsed with buffer, more buffer was added to the tube, and it was incubated overnight 
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(overnight #1). This rinse, adding, and incubating was repeated for overnight #2. This 
Figure illustrates binding of this test ligand and these control derivatives to amino-glass, to 
acetylated amino-glass, to each of homogeneous immobilized building blocks TyrA2B2, 
TyrA4B4, and TyrA6B6, and to candidate artificial receptors TyrA2B2 plus TyrA4B4; 
TyrA2B2 plus TyrA6B6; TyrA4B4 plus TyrA6B6; and TyrA2B2, TyrA4B4, plus TyrA6B6. 

The results shown in Figure 18 demonstrate that binding was controlled by both 
kinetic and thermodynamic factors. This extends the results discussed above. The kinetic 
assay detects those candidate artificial receptors to which the test ligand binds quickly, 
kinetic factors predominate. The thermodynamic assay detects those candidate artificial 
receptors to which the test ligand binds more slowly but more tightly, thermodynamic factors 
predominate. The pattern of binding to the 9 control, building block, and receptor surfaces 
for the kinetic protocol (addition of HRP and 30 minute incubation) was different from the 
thermodynamic protocol (addition of 1.0X HRP and 30 minute incubation followed by an 
overnight incubation in buffer), but the patterns were consistent within each series. 

Figure 19 illustrates bar charts of the binding pattern comparison for the ETU 
derivative of amino-HRP (Formula H5) using protocols similar to those used in the 
experiments of Figure 18. In the present experiment, the tubes were incubated for varying 
times before the buffer solution was decanted. Figure 19 illustrates that both the extent of 
binding, as measured by OD value, and the pattern of binding changed as the HRP is 
incubated for increasing periods of time. These results reflect a kinetic response at early 
times and then a thermodynamic equilibrium response at later times. 

Binding Evaluation: The Hydrophobic/lipophilic Component. 

Hydrophobic/lipophilic interactions can play a potentially significant role in the 
binding of a test ligand to a candidate receptor. However, it is relevant to demonstrate that 
simple partition coefficient driven equilibria were not responsible for the observed test ligand 
binding to the inventive candidate artificial receptors. In addition, it is relevant to define the 
role that simple lipophilic/hydrophobic partitioning plays in the present Examples. In fact, 
the present binding results were not simply the result of lipophilic/hydrophobic interactions. 
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Test Ligand LogP Versus Binding 

The LogP values for the -NH2, -NH-Ac, -NH-34K, -NH-ETU and -NH-TCDD test 
ligands which were used for this study were calculated using the ACD/LogD Suite program 
(Advanced Chemistry Development Inc., Toronto, Canada). The values obtained were: 

5 



TARGET LogP 

-NH2 -1.74 
-NH-Ac -1.05 
-NH-ETU +0.26 
10 -NH-34K +2.28 

-NH-TCDD +3.84 



Figure 20 presents the 3 bar graphs (based on data presented in Figure 16) along with 
LogP data. Pairwise comparison of individual results indicate that simple partitioning does 

1 5 not explain the observed results. For example, the binding (OD) values for HRP-NH-34K, - 
ETU and -TCDD on the homogeneous, single building block TyrA4B4 tubes spanned a 
range which was less than a factor of two while LogP spanned several orders of magnitude. 

The binding (OD) data from the study with combinations of three building blocks in 
candidate receptors has been reorganized in Tables 7 and 8 to include LogP. Figure 21 plots 

20 the OD data for the 0. 1 iig/ml HRP-test ligand conjugate (Table 8) versus LogP. The upper 
graph in Figure 21 plots the values for the n=l, homogeneous building blocks. The lower 
graph plots the values for candidate receptors. 

In the upper graph in Figure 21, the plots for the alkane substituted building block 
TyrA2B2 and the phenyl substituted building block TyrA4B4 generally conform to the 

25 expectation that binding increased with increasing target lipophilicity as indicated by 
increasing LogP. The plot for the hydrophilic building block TyrA6B6 also generally 
conforms to expectations as binding was strongest for the more polar/hydrophilic ETU test 
ligand when compared to binding of the more lipophilic 34K and TCDD test ligands. The 
results for 1.0 |xg/ml HRP-test ligand were generally consistent (Table 7) and support the 

30 conclusion that lipophilic interactions play a role in target binding for the higher LogP 
targets. 
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The plots obtained for the combinations of two and three building blocks in candidate 
receptors provide an extended perspective on the role of lipophilic interaction (Figure 21, 
lower graph). The conclusion from these plots is that although lipophilic driven partitioning 
may have played a role, it was not the dominant factor. For example, the plot for the 
candidate receptor made from the combination of TyrA2B2 plus TyrA4B4, which was the 
most lipophilic combination of building blocks, significantly decreased as LogP increased 
above the ETU value of 0.26. The OD values for ETU, 34K and TCDD binding to the 
candidate receptor made from the combination of TyrA4B4 plus TyrA6B6 were similar 
(1.10, 0.93 and 0.87 OD respectively) even though their LogP values span more than 3 orders 
of magnitude (0.26 to 3.84). Clearly, lipophilic binding was not the major factor in test 
ligand binding by these candidate receptors. 

Binding Evaluation: Test Ligand Binding Patterns 
Binding Pattern Interpretation 

Figure 22 presents the data from this example for the candidate receptors with 
combinations of 2 and 3 building blocks versus the Ac control target and the three 34K, 
TCDD and ETU test ligands. It is clear from Figure 22 that the test ligands bound to the 
candidate receptors with different binding patterns. An unknown sample that contained one 
of these four HRP conjugates could be readily identified by its distinct pattern. 

Binding Affinity 

It is significant to note that the observed binding affinities, even after testing a suite of 
only 4 candidate artificial receptors and 3 building block surfaces, spanned several orders of 
magnitude (Figure 17). An estimate of binding affinity for the best receptor (TyrA2B2 plus 
TyrA4B4) for the ETU conjugate gives a range of K B inding of 2 x 10* to 6 x 10* L/M. 

Reproducibility 

Binding of ETU to the suite of 9 control, building block, and receptor surfaces gave 
OD readings from replicate experiments that were reproducible to within 5-20% (CV) for the 
different tubes. Certain of the tubes used in these experiments have produced good results 
through repeated use over a period of several months. 
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Conclusions 

Identification of an optimum (specific, sensitive) working artificial receptor from the 
limited pool of 9 control, building block, and receptor surfaces was not expected and not 
5 likely. Rather, the goal of these two experiments was to demonstrate that candidate artificial 
receptors could be assembled and tested to provide one or more lead artificial receptors. This 
has been successfully demonstrated. Plus, a working artificial receptor complex was 
identified. 

10 Example 4 - Screening Test Ligands Against Candidate artificial receptors Made From 
5 Building Blocks 

In this example, test ligands were evaluated against a broader range of candidate 
artificial receptors including combinations of up to 4 building blocks and made from a total 
of 5 building blocks. 

15 

Materials and Methods 
Building Blocks 

Building blocks were made as described in Example 1. 

20 Candidate Artificial Receptors 

Tubes with modified amino groups, homogeneous immobilized building blocks, and 
candidate artificial receptors including combinations of 2, 3 and 4 building blocks were 
prepared as described in Example 2. This resulted in a set of 34 control, building block, and 
receptor tubes (Table 9). The tubes with modified amino groups are designated as Floor 

25 tubes in Table 9. The tubes with homogeneous immobilized building blocks are designated 
as n=l (number of building blocks inimobilized in tube equals 1) tubes in Table 9. The tubes 
with candidate artificial receptors are designated as n=2, n=3, and n=4 tubes in Table 9. 
Table 9 lists the order in which results for the floor tubes, immobilized building blocks, 
candidate receptors with combinations of 2 building blocks, candidate receptors with 

30 combinations of 3 building blocks, and candidate receptors with combinations of 4 building 
blocks appear in Figures 23 and 24. 
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Table 9 - Identification grid for artificial receptors made from a set of 5 building blocks in 
combinations of 2, 3, and 4. Results are shown in Figures 23 and 24. 



FLOOR 

fl. -NH2 

f2. -Ac [-NH-C(0)-CH3] 

f3. -SA [-NH-C(0)-CH 2 CH 2 -COOH] 

f4. -phenyl [-NH-C(0)-phenyl] 

Immobilized Building Blocks 

nl.l -22 

nl.2-42 

nl.3-44 

nl.4-46 

nl.5-66 

Candidate Receptors with Combinations 
of 2 Building Blocks 

n2.1 - 22/42 

n2.2 - 22/44 

n2.3 - 22/46 

n2.4 - 22/66 

n2.5 - 42/44 

n2.6 - 42/46 

n2.7 - 42/66 

n2.8 - 44/46 

n2.9 - 44/46 

n2.10- 46/66 



Candidate Receptors with Combinations 
of 3 Building Blocks 

n3.1 -22/42/44 

n3.2 - 22/42/46 

n3.3- 22/42/66 

n3.4- 22/44/46 

n3.5 - 22/44/66 

n3.6 - 22/46/66 

n3.7 - 42/44/46 

n3.8 - 42/44/66 

n3.9- 42/46/66 

n 3.l0- 44/46/66 

Candidate Receptors with Combinations 
of 4 Building Blocks 

n4.1 - 22/42/44/46 

n4.2 - 22/42/44/66 

n4.3 - 22/42/46/66 

n4.4 - 22/44/46/66 

n4.5 - 42/44/46/66 
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Results and Discussion 

Example 4 demonstrated at least that: 

a) Test ligands displayed distinctive binding to a larger group of artificial 
5 receptors. 

b) Various features within the receptor site cooperate to produce test ligand 
binding which is greater than the sum of the individual interactions. 

The set of 34 tubes was screened versus several of the ligand-HRP conjugates and 
control HRP derivatives. Figures 23 and 24 illustrate that the control HRP derivative (0.1 
10 jxg/ml acetylated amino-HRP) exhibited minimal binding with this expanded set of candidate 
receptors, while the ligand-HRP conjugate 34K-HRP at 0.1 ng/ml displayed distinctive 
binding. 

The target screen was based on the binding of HRP labeled test ligand. The results of 
Example 3 demonstrated that the binding of the HRP-NH-Ac control was minimal with 

1 5 respect to test ligand conjugate binding. This conclusion is further substantiated by 

comparing the more comprehensive data set from the N=5, 34 tube experiments. Figures 23 
and 24 demonstrate the minimal binding of HRP-NH-Ac (0.1X) when compared to HRP- 
NH-34K (0.1X). For example, only two tubes showed an OD of greater than 0.2 for the 
HRP-NH-Ac. Considering the 32 tubes for HRP-NH-Ac that showed 0DO.2, the mean OD 

20 was 0.05 with a standard deviation of 0.04. The data in Figure 24 show 5 tubes that had OD 
greater than 0.5. The 27 tubes with ODO.5 showed a mean OD of 0.28 with a standard 
deviation of 0.12. 

Binding Evaluation: The Hydrophobic/lipophilic Component, Continued 

25 Comparison to the Lipophilic Mean 

The data from this example for HRP-NH-34K also provides information on the role 
of lipophilic interactions in the observed binding (Figure 24). For example, if it is assumed, 
for the sake of an hypothesis, that the binding OD observed for the single building block, 
homogeneous/lipophilic building block tubes is predominantly a result of lipophilic 

30 partitioning (note that aromatic recognition elements can also exhibit pi bonding, etc.), then 
the mean binding observed for the [f-phenyl], TyrA2B2, TyrA4B2, and TyrA4B4 tubes (each 
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of which includes building blocks with similar recognition elements) should be equivalent to 
the 'lipophilic component'. The mean for these four tubes was: mean 0.40 OD, StdDev 
0.15. Clearly, examination of the binding data in Figure 24 indicate that the lipophilic 
component of binding was not the only factor which contributes to the observed binding. For 
5 example, the candidate receptor made from the combination of TyrA4B2 plus TyrA4B4 
produced an OD 1.51 and the candidate receptor made from the combination of TyrA2B2, 
TyrA4B2, TyrA4B4, plus TyrA4B6 produced OD 0.82. These receptors include 
lipophilic/hydrophobic recognition elements like TyrA4B2 and TyrA4B4, but produced 
greater binding than the lipophilic mean. 

10 

Binding Evaluation: Test Ligand Binding Patterns, Continued 
Demonstration of Recognition Element Cooperative Binding 

An essential feature of selective and sensitive binding by a receptor is that the various 
binding elements within the receptor site cooperate to produce test ligand binding which is 

15 greater than the sum of the individual interactions. Table 10 compares expected binding 
(OD), if binding was simply an average effect produced by the interactions of the separate 
building blocks, with the observed binding (OD) for several of the more prominent values 
illustrated in Figure 24. The premise of this comparison is that binding could be simply the 
result of the average of the interactions of the separate building blocks if a simple 

20 partitioning mechanism is dominant. Alternatively, binding is more likely to be a 

cooperative sum of the individual interactions. The data in Table 10 demonstrate that there 
was a significant (2 to 4-fold) enhancement of binding for the heterogeneous candidate 
receptors including combinations of 2, 3 or 4 building blocks when compared to their 
homogeneous counterparts including only a single building block. The data was from HRP- 

25 NH-34K versus the set of building blocks (Figure 24). The Component Average (Expected) 
value was calculated from the observed OD for the appropriate single building block 
components, e.g. for TyrA2B2 plus TyrA4B2 the component expected was the average of 
0.63 OD for TyrA2B2 and 0.32 OD for TyrA4B2 which was 0.48 OD. 



91 



10 



TABLE 10 - Comparison of average versus observed binding. 
Building Blocks With Similar Recognition Elements (n=l) 

ID OD 



nl.l TyrA2B2 

nl.2 TyrA4B2 

nl.3 TyrA4B4 

nl.4 TyrA4B6 

nl.5 TyrA6B6 



0.63 
0.32 
0.42 
0.40 
0.06 



15 



Selected Building Block Distinct Recognition Elements (n=2,3>4) 



25 



RECEPTOR 
ID 



20 n2.1 

TyrA2B2 plus TyrA4B2 



OBSERVED 
OD 



0.42 



n2.5 

TyrA4B2 plus TyrA4B4 
n2.7 

TyrA4B2 plus TyrA6B6 



n2.10 

30 TyrA4B6 plus TyrA6B6 
n3.8 

TyrA4B2 plus TyrA4B4/66 
35 n4.1 



1.51 



0.56 



0.51 



0.56 



0.82 



TyrA2B2, TyrA4B2, TyrA4B4, plus TyrA4B6 



COMPONENT 

AVERAGE 

(EXPECTED) 

0.48 
0.37 
0.19 
0.23 
0.27 
0.44 



OBSERVED / 
EXPECTED 



0.88 



4.1 



2.9 



2.2 



2.1 



1.9 



Heterogeneous Binding Elements: Significance 

The building blocks had two recognition elements. Building blocks that had 
40 recognition elements which are similar in structure and properties, e.g. building blocks 
TyrA2B2, TyrA4B4 and TyrA6B6, are described as having similar recognition elements. 
Building blocks which that had recognition elements with structures that are different in 
structure and properties, e.g. building blocks TyrA4B2 and TyrA4B6, are described as 
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having distinct recognition elements. The binding pattern shown in Figure 24 has 6 peaks 
which indicate binding was above the mean for the data set. Table 1 1 lists the building block 
composition of these candidate receptors 



5 Table 1 1 - The building block composition of candidate receptors of Figure 24 

TUBE BUILDING BLOCKS 

2-2 4-2 4-4 4-6 6-6 



n2.1 2-2 4-2 

10 n2.5 4-2 4-4 

n2.7 4-2 6-6 
n2.10 * 4-6 6-6 

n3.8 4-2 4-4 6-6 

n4.1 2-2 4-2 4-4 4-6 

15 

OCCURRENCE RATIO 2/6 5/6 3/6 2/6 3/6 



Clearly, the 4-2 Building Block played a significant role in the binding of the HRP-NH-34K 
test ligand. This observation confirms that the building blocks which were prepared from 
20 heterogeneous recognition elements played a key role in artificial receptor development. 

Conclusions 

These results demonstrate that there was a significant enhancement of binding for the 
heterogeneous (n=2,3,4) candidate receptors when compared to their homogeneous (n=l) 
25 counterparts. When combined with binding pattern recognition and the demonstrated 

importance of both heterogeneous recognition elements and heterogeneous building blocks, 
these results clearly demonstrate that the present artificial receptors performed and will 
perform as expected to achieve the goal of target specific and sensitive artificial receptor 
development. 

30 

Example 5 - Preparation of Microarrays of Candidate artificial receptors 

Ultimately, the candidate artificial receptors will be presented in a microarray format 
on, for example, glass slides. The preparation of microarrays will employ known procedures 
for evaluation and optimization of robotic plate preparation and microarray high throughput 
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screening systems. Studies with microarrays will extend the current results to evaluation of 
an array made from 10 building blocks, an array made from 18 building blocks, and an array 
made from 81 building blocks. Microarrays will be made from a 10 building block set 
including TyrA2B2, TyrA2B4, TyrA4B2, TyrA4B4, TyrA4B6, TyrA6B4, TyrA6B6, 
5 TyrA6B8, TyrA8B6, and TyrA8B8. A set of 10 building blocks will be combined to provide 
10 spots of homogeneous immobilized building block, 45 spots of candidate artificial 
receptors with two building blocks, 120 spots of candidate artificial receptors with three 
building blocks, and 210 spots of candidate artificial receptors with four building blocks. 
Microarrays will be made from an 18 building block set including TyrA2B2, TyrA2B4, 

1 0 TyrA4B2, TyrA4B4, TyrA4B6, TyrA6B4, TyrA6B6, TyrA6B8, TyrA8B6, and TyrA8B8. A 
set of 18 building blocks will be combined to provide 18 spots of homogeneous immobilized 
building block, 153 spots of candidate artificial receptors with two building blocks, 816 spots 
of candidate artificial receptors with three building blocks, and 3,060 spots of candidate 
artificial receptors with four building blocks. The large numbers of spots from sets of 1 0 and 

15 18 building blocks are sufficient to provide a thorough test of microspotting to form 
candidate artificial receptors and control spots. 

It should be noted that, as used in this specification and the appended claims, the 
singular forms "a," "an," and "the" include plural referents unless the content clearly dictates 
20 otherwise. Thus, for example, reference to a composition containing "a compound" includes 
a mixture of two or more compounds. It should also be noted that the term "or" is generally 
employed in its sense including "and/or" unless the content clearly dictates otherwise. 

It should also be noted that, as used in this specification and the appended claims, the 
phrase "adapted and configured" describes a system, apparatus, or other structure that is 
25 constructed or configured to perform a particular task or adopt a particular configuration to. 
The phrase "adapted and configured" can be used interchangeably with other similar phrases 
such as arranged and configured, constructed and arranged, adapted, constructed, 
manufactured and arranged, and the like. , 

All publications and patent applications in this specification are indicative of the level 
30 of ordinary skill in the art to which this invention pertains. 
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The invention has been described with reference to various specific and preferred 
embodiments and techniques. However, it should be understood that many variations and 
modifications may be made while remaining within the spirit and scope of the invention. 

5 
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